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Two  anhydrous  water-soluble  ointment  bases,  E-3  and 
E-4,  were  evaluated  as  ophthalmic  vehicles.   Both  exhibited 
low  irritation  potential  in  rabbits'  eyes. 

Base  E-3  contained  polyethylene  glycols  200  and  400 
thickened  by  an  amine-neutralized  Carbopol   940  resin  to 
form  a  stable  transparent  gel.   Base  E-4  contained 
polyethylene  glycols  400  and  4000  plasticized  by  1,2,6- 
hexanetriol. 

Each  base  was  sterilized  satisfactorily  using  both 
moist  and  dry  heat.   A  specific  biological  indicator, 
Bacillus  stearothermophilus ,  provided  sterility  assurance. 
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Several  common  preservative  systems  were  evaluated 
against  standardized  test  organisms  of  Staphylcoccus 
aureus,  Pseudomonas  aeruginosa,  and  Aspergillus  niger , 
using  specific  inhibitory  media,  a  zone  of  inhibition 
procedure,  and  direct  surface  inoculation.   Results 
indicated  inherent  inhibitory  activity  in  both  unpreserved 
bases.   Base  E-3  was  most  effectively  preserved  against 
S.  aureus  using  benzalkonium  chloride  with  disodium 
ethylenediamine  tetraacetate  (Na2EDTA)  and  against 
P.  aeruginosa  by  use  of  polymyxin  B  sulfate  with  Na-EDTA. 
The  most  effective  preservative  against  either  organism 
for  base  E-4  was  polymyxin  B  sulfate  with  Na~EDTA. 

Rotational  viscometry  data  and  physical  and  micro- 
scopic observations  provided  information  on  rheological 
effects  of  sterilization  methods,  and  the  addition  of 
atropine  sulfate,  water,  and  preservatives  to  both  bases. 
Base  E-3  proved  to  be  stable  except  for  a  dramatic 
decrease  in  viscosity  resulting  from  ionic  charge  neutrali- 
zation when  adding  atropine  sulfate.   Evidence  of 
crystalline  structure  growth  resulted  from  base  E-4 
sterilization. 

Base  E-3  demonstrated  a  small  amount  of  surface 
activity;  increasing  aqueous  concentrations  resulted  in 
decreasing  apparent  surface  tension  values. 

The  relative  bioavailability  of  atropine  sulfate 
from  single  doses  of  ointments  containing  the  drug  in  each 
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base  compared  with  a  commercial  standard  showed  no 
significant  differences  in  rate,  degree,  or  duration  of 
rabbit-eye  pupil  dilatation.   A  randomized  three-way 
crossover  study  was  possibly  complicated  by  some  animals 
having  an  atropine-destructive  enzyme,  tropinesterase. 

Adjunctive  studies  addressed  the  apparent  pH  of  each 
base,  their  tonic  effects  on  human  red  blood  cell  suspen- 
sions, and  melting  point  ranges. 

Based  on  these  results,  base  E-3  proved  to  be  the 
more  favorable  preparation  for  ophthalmic  use. 
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CHAPTER  I 
INTRODUCTION 


The  development  of  an  ointment  for  ophthalmic  use  is 
a  complex  and  exacting  process  requiring  the  involvement 
of  widely  varying  disciplines. 

The  ideal  ophthalmic  ointment  should  possess  several 
characteristic  properties.   Ophthalmic  preparations  are 
sterile  products,  essentially  free  from  foreign  particles, 
suitable  compounded  and  packaged  for  either  topical 
application  to  the  eyelids,  or  instillation  into  the  space 
(cul-de-sac)  between  the  eyeball  and  eyelids  (1) .   Incor- 
porated ophthalmic  drugs  must  be  stable  for  a  practical 
and  reasonable  amount  of  time  after  preparation.   The 
hydrogen- ion  concentration  of  a  solubilized  ointment  may 
affect  the  therapeutic  action  of  the  medication,  the 
irritation  potential  of  the  instilled  preparation,  and 
the  length  of  time  the  medication  remains  in  contact  with 
the  ocular  surface;  therefore,  an  optimum  pH  must  be 
achieved  by  use  of  buffers,  adjunct  solution  instillation, 
or  by  other  means.   An  ophthalmic  ointment  should  produce 
little,  if  any,  irritation  response  upon  instillation;  and 
such  irritation  that  occurs  should  be  limited  to  a 
transitory  response,  never  resulting  in  permanent  injury 
to  the  eye.   The  tonicity  of  water-soluble  ophthalmic 
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vehicles  dissolved  in  the  lacrimal  fluid  should  be  such 
that  instillation  does  not  cause  wide-spread  tissue  or 
cell  destruction  or  crenation,  with  resultant  irritation 
and  discomfort.   Ophthalmic  ointments  must  possess  a 
consistency  which  allows  ease  and  comfort  of  instillation, 
extended  retention  time  in  the  eye,  rapid  spreading  on 
the  ocular  surface,  and  non-leakage  from  the  packaging 
container.   The  melting  point  of  a  water-insoluble 
ophthalmic  ointment  should  be  at  or  slightly  below  body 
temperature.   The  melted  or  dissolved  preparation  should 
produce  a  film  on  the  ocular  surface  which  is  optically 
clear  and  free  from  particulate  matter.   Bioavailability 
of  the  drug  from  the  ointment  must  be  demonstrated  to 
the  extent  that  the  preparation  is  effective  for  its 
intended  use.   Multiple-dose  products  must  contain  preserva- 
tives or  antimicrobial  agents  which  prevent  contamination 
and  subsequent  infection  or  reinfection  by  application  of 
the  ointment.   Finally,  the  completed  preparation  must  be 
compatible  with  the  packaging  container  for  the  established 
shelf-life  of  the  product. 

It  is  in  the  course  of  the  developmental  process  for 
an  ophthalmic  preparation  that  each  formulation  must  be 
tested  to  determine  the  extent  to  which  it  possesses  the 
characteristics  of  the  ideal  product.   The  initial  formu- 
lation phase  may  produce  several  hundred  preparations. 
Preliminary  screening  tests  for  physical  and  chemical 
stability  reduce  this  number  to  a  few  possessing  suitable 
characteristics  for  further  study. 


In  1956,  Becker  et  al.  published  a  report  on  the 
formulation,  preparation  and  packaging  of  BAL  (dimercaprol) 
ointment  (2) .   This  study  was  done  because  the  dimercaprol 
ointment  in  use  at  that  time  leaked  from  the  packaging 
tube,  was  brittle  and  hard  at  0°  yet  liquid  at  body  tempera- 
ture, and  showed  indications  of  dimercaprol  instability  in 
the  vehicle  employed.   As  a  result  of  this  investigation, 
recommendations  were  made  concerning  appropriate  packaging 
containers,  sealing  methods  and  two  types  of  vehicles  for 
increased  stability  of  the  dimercaprol,  one  of  which  was 
a  polyethylene  glycol-type  base,  the  other  a  gel-type  base 
using  a  copolymer  of  methyl  vinyl  ether  and  maleic  anhydride 
(PVM/MA) .   As  additional  factors  to  increase  the  stability 
of  the  dimercaprol  component,  an  antioxidant  was  recommended 
for  addition  and  water-free  ingredients  were  to  be  used 
in  preparations.   The  compositions  of  these  ointments 
were  listed  as  follows: 

Base  Materials 

CarbowaxR  base  a   Polyethylene  glycol  4000 

Polyethylene  glycol  400 
Tenox  BHA 

BAL 

PVM  PVM/MA  (0.1-0.5) 

Ethylene  glycol 
Carbowax  4000 
Tenox  BHA 
BAL 


Percent 

Comp< 

Dsition  (w/w) 

31. 

.7 

63. 

.2 

0. 

.1 

5. 

.0 

5. 

.0-6.0 

78. 

.8-79.0 

10. 

.9 

0. 

.1 

5. 

.0 

aCarbowax  is  a  registered  trademark  of  the  City  Chemical 
Corporation,  New  York,  N.Y. 


The  PVM/MA  gel-type  base  was  recommended  as  the  best 
base  of  those  tested,  noting  that  the  polyethylene  glycol- 
type  base  showed  some  syneresis  of  BAL  and  was  very  hard 
and  brittle  at  0°.   The  content  of  BAL  for  each  formulation 
was  suggested  to  be  increased  to  6.0%  (w/w)  to  allow  for 
the  initial  rapid  degradation  which  levels  off  on  longer 
storage.   The  intended  use  of  these  ointments  was  as  a 
topical  preparation. 

Interest  in  the  ophthalmic  use  of  a  dimercaprol 
ointment  in  the  detoxification  of  ocular  exposure  to  heavy 
metal  compounds  such  as  chlorovinylarsine  dichloride 
(Lewisite) ,  and  the  availability  of  new  materials  for  the 
formulation  of  ointment  bases  and  for  new  packages,  resulted 
in  a  later  investigation  at  the  University  of  Florida  College 
of  Pharmacy  in  which  the  formulation,  testing  and  packaging 
of  several  dimercaprol  ophthalmic  ointments  was  studied 
(3,4).   Eighty-four  anhydrous,  water-soluble  ointment  bases 
and  ninety-two  anhydrous,  oleaginous  ointment  bases,  semi- 
solid and  homogeneous  at  the  time  of  preparation,  were 
evaluated  for  physical  and  rheological  stability  at 
temperatures  between  0°  and  50°.   Spreadability ,  flow 
properties,  and  degrees  of  transparency  and  solidarity  at 
the  various  temperatures  were  studied.   Single-point 
apparent  pH  values  for  several  diluted  water-soluble  bases 
were  determined. 

Based  on  physical  spreadability  characteristics  and 
acidic  apparent  pH  values,  five  of  the  water-soluble 


Percent 

Comp< 

Dsition  (w/w) 

1, 

.36 

29. 

.24 

68. 

.83 

0. 

.57 

16, 

.0 

24. 

.0 

60. 

,0 

1. 

.50 

38. 

.40 

58. 

,12 

0. 

,53 

1. 

.44 

exploratory  bases  were  selected  for  viscosity  studies  at 
various  temperatures.   Three  of  these  bases  showed 
acceptable  and  promising  characteristics.   Their  composi- 
tion are  as  follows: 

Base  Materials 

E-3  (x-61)    Carboxy  vinyl  polymer  940 
Polyethylene  glycol  200 
Polyethylene  glycol  400 
Poly-o-et  (15)  coc 

E-4  (x-77)    Polyethylene  glycol  4000 
Polyethylene  glycol  4  00 
1,2, 6-Hexametriol 

E-5  (x-83)    Carboxyl  vinyl  polymer  94  0 
Polyethylene  glycol  200 
Polyethylene  glycol  400 
Poly-o-et  (15)  coc 
Hexadecyl  alcohol 

A  similar  investigation  on  the  oleaginous  exploratory 

bases  showed  only  one  base  which  exhibited  acceptable 

characteristics.   The  composition  of  this  base  is  as 

follows : 

Percent 
Base  Materials  Composition  (w/w) 

M-13N       Micronized  silica  12.0 

Stearyl  alcohol  2.0 

Hexadecyl  alcohol  86.0 

New  instrumentation  and  advanced  methods  of  analysis 
enabled  the  investigators  to  study  various  chemical  and 
physical  aspects  of  pure  dimercaprol  to  support  with 
fundamental  information  the  development  of  a  stable  BAL 
ophthalmic  ointment.   Stability  studies  of  dimercaprol  in 
solution  under  conditions  of  varying  pH  were  done  for 


stability  baseline  data  for  use  in  later  accelerated 
stability  work.   In  vitro  release  studies  of  BAL  from  the 
various  ointment  bases  reported  that  the  rate  of  release 
of  dimercaprol  from  the  water-soluble  base  E-4  was  faster 
and  more  complete  than  any  of  the  other  water-soluble  bases 
studied,  and  that  the  oleaginous  base  M-13  (using  stearic 
acid  instead  of  the  stearyl  alcohol  used  in  M-13N)  showed 
good  release  characteristics  (5) .   Gas-liquid  chromatography 
provided  a  useful  means  to  determine,  quantitatively,  the 
purity  of  dimercaprol,  revealing  the  existence  of  at 
least  two  contaminants,  3-mercaptopropylene  sulfide  (MPS) 
and  1,2,3-trimercaptopropone  (TSH) ,  which  may  be  toxico- 
logically  important  (6) .   A  qualitative  method  of  deter- 
mining the  composition  of  BAL  was  also  reported  (7) . 

Using  the  results  of  these  basic  studies,  the  stability 
of  dimercaprol  was  investigated  in  the  selected  water- 
soluble  (8)  and  oleaginous  (9)  exploratory  bases  at  various 
temperatures  and  in  several  packaging  containers.  In 
addition,  dimercaprol  ointments  using  the  water-soluble 
bases  E-3,  E-4  and  E-5,  and  the  oleaginous  base  M-13N, 
were  biologically  tested  in  rabbit  eyes  for  irritation 
potential  and  for  their  effectiveness  in  the  treatment  of 
ophthalmic  exposure  to  Lewisite  and  to  Mustard  Gas,  a 
highly  toxic  vesicatory  irritant  (10) .   As  a  result  of 
these  investigations,  two  water-soluble,  anhydrous  ointment 

bases base  E-3,  a  carboxyl  vinyl  polymer  organogel,  and 

E-4,  a  plasticized  polyethylene  glycol  preparation were 


shown  to  be  effective  vehicles  for  dimercaprol  as  an 
ophthalmic  ointment,  producing  minimal  irritation  on  instil- 
lation and  retaining  desirable  physical  and  rheological 
characteristics  over  a  broad  temperature  range. 

Jurgens  and  Becker  reported  on  the  use  of  some  of  the 
exploratory  semi-solid  oleaginous  bases  developed  as 
ophthalmic  vehicles  for  pilocarpine  hydrochloride,  including 
determinations  of  softness  point,  water  absorption,  vis- 
cosity characteristics  and  in  vitro  release  rates  (11) . 
It  was  felt  that  an  investigation  of  the  general  applications 
of  the  water-soluble  exploratory  bases  E-3  and  E-4  regarding 
methods  of  sterilization,  preservation,  the  incorporation 
and  effectiveness  of  a  drug  other  than  dimercaprol,  and 
some  associated  supportive  studies  would  be  appropriate 
and  interesting. 

The  purposes  of  this  investigation  are  as  follows: 

1.  To  review  and  summarize  the  study  of  irritation 
potential  in  rabbit  eyes  of  selected  water-soluble 
or  oleaginous  exploratory  bases  E-3,  E-4,  E-5  and 
M-13N,  plain  or  containing  dimercaprol,  as  necessary 
and  appropriate  to  the  later  presentation  of  a 
bioavailability  study  for  atropine  sulfate; 

2.  To  investigate  various  methods  of  sterilization 

of  bases  E-3  and  E-4,  including  moist  heat,  dry  heat 
and  bacterial  filtration,  chracterizing  the  heat 
transfer  characteristics  of  each  base,  and  using 
a  standardized  suspension  of  heat-resistant  bacterial 
spores  as  a  biological  indicator  for  sterility 
assurance  tests; 

3.  To  determine  the  effectiveness  in  bases  E-3  and  E-4 

of  antimicrobial  agents  or  preservatives  commonly  used 
in  ophthalmic  preparations  against  standardized  inocula 
-  of  Staphylococcus  aureus,  Pseudomonas  aeruginosa, 
and  spores  of  Aspergillus  niger,  using  various  test 
methods; 


4.  To  determine  the  rheological  effects  on  bases  E-3 
and  E-4  of  the  addition  of  various  components  to 
the  anhydrous  preparation,  such  as  water,  atropine 
sulfate,  and  various  preservatives,  and  the  effects 
of  sterilization  by  moist  heat  or  dry  heat  for 
varying  exposure  times,  relating  these  changes  to 
physical  and  microscopic  observations; 

5.  To  investigate  the  effects  on  aqueous  surface  tension 
resulting  from  increased  concentrations  of  bases 
E-3,  E-4  or  various  base  components,  compared  to  a 
known  surface-active  material,  dodecyl  sodium  sulfate; 

6.  To  study  the  relative  bioavailability  of  atropine 
sulfate  from  bases  E-3  and  E-4,  compared  with  a 
commercial  standard  atropine  sulfate  ophthalmic 
ointment,  in  rabbit  eyes;  and, 

7.  To  report  the  results  of  supportive  studies  on  bases 
E-3  and  E-4  concerning  pH  profiles  of  increasingly 
diluted  bases,  melting  point  data,  and  tonicity  effects 
of  diluted  bases  on  human  red  blood  cells  in  vitro. 

The  results  of  this  investigation  have  shown  that  the 
water-soluble,  anhydrous  organogel  ointment  base  E-3  shows 
promise  for  use  as  an  ophthalmic  vehicle  and  warrants 
possible  further  testing,  while  the  modified  polyethylene 
glycol  ointment  base  E-4  exhibited  definite  long-term 
stability  problems,  separating  on  storage  and  becoming 
increasingly  less  extrudable.   Based  on  the  data  reported, 
base  E-3  proved  to  be  stable  on  sterilization  and  extended 
storage,  extrudable  over  a  wide  temperature  range,  unaffected 
by  the  addition  of  various  preservatives  or  small  quantities 
of  water,  and  low  in  irritation  potential.   The  ophthal- 
mological  bioavailability  of  two  different  medications, 
dimercaprol  and  atropine  sulfate,  from  this  carboxyl  vinyl 
polymer-thickened  base  has  been  shown  to  be  effective  in 
animal  tests  using  rabbit  eyes.   Although  susceptible  to 


consistency  changes  upon  the  addition  of  monovalent  and 
divalent  salts,  base  E-3  may  prove  to  be  an  acceptable 
vehicle  for  other  commonly  used  ophthalmic  medications. 


CHAPTER  II 
REVIEW  OF  THE  LITERATURE 


Definition  of  Terms 

Several  terms  are  used  repeatedly  throughout  this 
study  and  are  defined  for  clarification  and  continuity. 
Solution 

Takruri  (12)  defines  a  solution  as  a  thermodynamically 
stable,  homogeneous  system  of  two  or  more  components. 
Within  this  definition  is  included  the  macromolecular 
solution,  where  the  molecular  size  and  weight  of  the 
molecular  size  and  weight  of  the  macromolecules  are  of 
such  magnitude  that  the  system  acquires  unique  properties. 
These  solutions  are  recognized  now  as  true  monophasic, 
thermodynamically  stable  systems  and  the  old  concept  of 
considering  them  as  heterogeneous  dispersions  is  believed 

to  be  inaccurate.   Solutions  of  polymers  such  as  neutral- 

R     a 
ized  Carbopol   940   fall  under  this  classification. 


aCarbopol  is  a  registered  trademark  of  the  B.F.  Goodrich 
Chemical  Co.,  Cleveland,  Ohio. 
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Microbial  Bioburden 

This  term  is  used  to  indicate  the  probable  types 
and  numbers  of  microorganisms  present  in  a  product 
immediately  prior  to  sterilization  (13) . 
Organogels 

A  gel  is  a  solid  or  semisolid  system  of  at  least 
two  constituents,  consisting  of  a  condensed  mass  enclosing, 
and  interpenetrated  by,  a  liquid  (14) .   Gels  may  be 
classified  either  as  two-phase  or  as  single-phase  systems. 
The  gel  mass  may  consist  of  floccules  of  small  particles 
dispersed  in  a  liquid,  forming  a  two-phase  system  which 
may  be  thixotropic  but  not  always  stable.   Alternatively, 
a  gel  may  consist  of  macromolecules  existing  as  twisted 
matted  strands,  bound  together  by  van  der  Waals  forces, 
forming  a  single-phase  system.   Gels  which  contain  an 
organic  liquid  are  termed  organogels . 

Gels  are  characterized  by  a  comparatively  high  degree 
of  elasticity  (15) ,  undergoing  rather  large  elastic  defor- 
mations ,  sometimes  as  much  as  10-30%,  at  shear  stresses 
below  the  yield  value,  from  which  they  recover  their 
shape  when  the  stresses  are  removed.   True  gels  are  one 
of  two  classes  of  semisolid  materials  which  exhibit  yield 
stresses,  or  yield  values,  the  other  being  pastes.   Typical 
gels  will  exhibit  plastic  behavior  rheologically. 
Ionic  Deswelling 

Carbopol   resins  are  very  mild  acids  which  readily 
react  with  neutralizing  agents  to  form  salts.   When  the 
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proper  salt  is  prepared  in  the  given  solvent,  the  polymer 
uncoils  and  extends  into  its  form  of  highest  solvent- 
holding  capacity  with  attendant  solvent  thickening.   The 
addition  of  soluble  salts  decreases  the  efficiency  of 
Carbopol  mucilages  by  neutralization  of  the  ionic  charges 
in  the  Carbopol   salt,  causing  the  polymer  to  return  to  a 
more  tightly  coiled  configuration  with  resultant  thinning 
of  the  preparation.   Monovalent  salts  of  all  types,  such 
as  sodium  chloride,  affect  the  Carbopol  resins,  while 
divalent  salts,  such  as  calcium  chloride,  produce  a  more 
drastic  loss  of  thickening  efficiency.   This  loss  of 
thickening  capability  by  the  described  mechanism  is  known 
as  ionic  deswelling. 


Ophthalmic  Ointments 

Ophthalmic  ointments  are  semisolid  preparations 
intended  for  application  to  the  eye,  contacting  the 
outside  and  edges  of  the  eyelids,  the  conjunctiva,  the 
cornea,  and  affecting  the  iris  and  ciliary  processes  of 
the  lens.   Special  precautions  must  be  taken  in  their 
preparation  (16) .   Ophthalmic  ointments  are  manufactured 
from  sterilized  ingredients  under  rigidly  controlled 
conditions  and  meet  the  requirements  of  the  official 
sterility  tests.   They  must  contain  a  suitable  antimicrobial 
substance  if  the  preparation  is  intended  for  multiple-use. 
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The  active  ingredient  may  be  added  as  a  microraized 
powder  or  as  a  solution,  resulting  in  a  finished  ointment 
which  is  free  of  large  particles,  that  is,  dispersed 
material  must  be  impalpable.   The  official  compendium 
provides  tests  designed  to  limit  to  a  level  considered  to 
be  unobjectionable  the  number  and  size  of  discrete  metal 
particles  that  may  occur  in  the  ophthalmic  ointment  (17) , 
usually  as  a  result  of  manufacture.   Particles  no  larger 
than  50  urn  and  limited  in  number  are  acceptable. 

The  ointment  must  be  comfortable  and  convenient  to 
apply,  contain  a  minimum  number  of  ingredients,  and  retain 
the  activity  of  the  medicament  for  a  reasonable  period  of 
time  under  proper  storage  (18) .   It  must  also  permit  the 
diffusion  of  the  drug  throughout  the  secretions  bathing 
the  eye  (19) . 

In  ophthalmology,  the  primary  use  for  an  ointment  as 
a  vehicle  is  to  increase  the  ocular  contact  time  of  a 
drug.   Studies  have  indicated  that  with  the  use  of  radio- 
active technetium  the  ocular  contact  time  is  about  two 
times  longer  in  the  blinking  patient  and  four  times  longer 
in  the  non-blinking  patient  than  with  the  use  of  a  saline 
vehicle  (20) . 

Semisolid  ophthalmic  vehicles  frequently  contain 
soft  petrolatum,  a  bland  absorption  base,  or  a  water- 
soluble  base  (21) .   The  water-soluble  base  may  be  prepared 
from  polyethylene  glycols  or  with  a  water-soluble  gum. 
Some  absorption  bases,  water-removable  bases,  and  water- 


14 


soluble  bases  may  be  desirable  for  water-soluble  drugs  (22) . 
Such  bases  allow  for  better  dispersion  of  water-soluble 
medicaments,  but  they  must  be  non-irritating  to  the  eye. 

Petrolatum  is  used  as  a  principal  base  for  ophthalmic 
drugs.   A  survey  of  currently  available  ophthalmic  ointments 

(23)  showed  that  white  petrolatum  combined  with  mineral 
oil  and/or  non-ionic  lanolin  derivatives  was  used 
frequently.   White  petrolatum  and  mineral  oil  gelled  with 
a  polyethylene  resin  served  as  a  vehicle  also.   Petrolatum 
is  often  used  when  an  anhydrous  vehicle  is  desired  for 
reasons  of  stability.   Non-aqueous  organogels  may  offer 
advantages  over  the  hydrocarbons,  and  only  sparsely  have 
been  investigated. 

Problems  with  the  use  of  petrolatum  as  an  ophthalmic 
ointment  base  are  numerous.   Mineral  oil  is  frequently 
added  to  petrolatum  to  lower  its  fusion  point,  but  its 
addition  introduces  the  problem  of  separation  on  storage 

(24)  ,  especially  in  warmer  climates.   Although  this 
problem  can  be  prevented  by  the  addition  of  small  amounts 
of  natural  wax  such  as  ozokerite,  ceresin,  or  microcrystal- 
line  wax,  the  addition  of  extra  ingredients  is  not  preferred. 

The  release  of  a  medication  from  a  petrolatum-type 
base  has  been  compared  with  release  from  other  types  of 
ophthalmic  ointment  bases.   The  influence  of  twenty-five 
different  ointment  bases  on  the  release  of  chloramphenicol 
in  vitro ,  in  the  conjunctival  sac,  and  also  on  its 
penetration  into  the  eye  by  testing  aqueous  humor  of  healthy 
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rabbit  eyes  was  investigated  by  Richter  (25)  .   His  studies 
indicate  that  the  activity  of  chloramphenicol  is  dependent 
on  the  type  of  ointment  vehicle  in  which  it  is  incorporated, 
and  showed  that  the  pure  hydrocarbon  bases  exhibited  pro- 
tracted and  incomplete  drug  release ,  though  they  remained 
within  the  inferior  formix  in  contact  with  the  cornea  for 
5  hours  or  more.   Good  release  of  the  medication  was  found 

to  occur  from  an  o/w  emulsion  vehicle  composed  of  Lanette 

R  R 

Wax   N,  Lanette  Wax  0,  white  petrolatum  and  water. 

The  composition  of  petrolatum  can  vary,  depending  on 
the  source.   Petrolatum  is  available  in  the  form  of  a 
long  or  short  "fiber"  (26) .   The  type  of  "fiber"  possessed 
by  petrolatum  generally  is  determined  by  dipping  the 
index  finger  into  the  sample  and  then  slowly  withdrawing 
it.   The  long  "fiber"  type  tends  to  form  a  transparent 
continuous  film  joining  the  finger  and  the  sample,  while 
the  short  "fiber"  ruptures  easily.   Different  "fiber" 
types  result  in  variation  in  spreading  properties.   The 
official  compendia  permits  wide  density  and  melting  point 
ranges,  as  well  as  variation  in  chemical  composition  for 
petrolatum  throughout  the  world. 

Instillation  of  a  petrolatum-type  base  in  the  eye 
can  cause  interference  with  vision.   One  disadvantage  to 
ophthalmic  ointment  use  is  the  blurred  vision  as  the 
ointment  base  melts  and  spreads  across  the  ocular 
surface  (27) . 
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It  is  possible  and  probable  that  the  use  of  non- 
aqueous water-soluble  organogel  vehicles  for  ophthalmic 
use  will  solve  some  of  the  problems  associated  with  the 
use  of  petrolatum.   Organogels  are  stable,  can  be  made 
transparent,  can  be  water-soluble,  and  therefore  may 
release  medications  more  quickly  than  petrolatum  when 
used  in  the  eye. 


Carbopol   and  Polyethylene  Glycol  Gel  Bases 


A  gel  has  been  defined  as  a  form  of  matter  inter- 
mediate between  a  solid  and  a  liquid  (28)  .   It  consists  of 
polymers,  or  long-chain  molecules,  cross-linked  to  create 
a  tangled  network  and  immersed  in  a  liquid  medium.   The 
properties  of  a  gel  depend  strongly  on  the  interaction 
of  these  two  components.   The  liquid  prevents  the  polymer 
network  from  collapsing  into  a  compact  mass;  the  network 
prevents  the  liquid  from  flowing  away.   Depending  on  the 
chemical  compositions  and  other  factors,  gels  vary  in 
consistency  from  viscous  fluids  to  fairly  rigid  solids, 
but  typically  they  are  soft  and  resilient. 

CarbopolR  resins  are  carboxy  vinyl  polymers  of 
extremely  high  molecular  weight  supplied  as  dry,  fluffy 
powders  in  acid  form,  requiring  neutralization  to  develop 
optimum  properties  (2  9) .   Carbomer  is  a  generic  term  for 
the  CarbopolR  resins  replacing  carboxypoly  methylene. 
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While  these  resins  are  very  mild  acids,  weaker  than  acetic 
acid,  they  readily  react  with  neutralizing  agents  to  form 
salts  (30) .   It  is  necessary  to  choose  a  neutralizing  agent 
that  forms  a  Carbopol   salt  which  is  soluble  in  the  solvent 
chosen.   When  the  proper  salt  is  prepared  in  a  given 
solvent,  the  polymer  uncoils  and  extends  into  its  form  of 
highest  solvent-holding  capacity  with  attendant  solvent 
thickening.   The  choice  of  neutralizing  agent (s),  which 
may  be  metallic  hydroxides  or  amines,  determines  whether 
or  not  the  resulting  salt  is  hydrophilic,  lipophilic,  or 
amphipathic,  a  combination  of  hydrophilic  and  lipophilic 
properties. 

Carbopol   resins  have  been  used  to  thicken  many 
liguids,  chiefly  aqueous,  though  many  non-polar  solvent 
systems  have  also  been  used.   1 ,2 ,6-Hexanetriol  has  been 
gelled  using  Carbopol   934  neutralized  by  diisopropanola- 

mine  (31).   Use  of  these  gels,  especially  non-aqueous 

■p 
organogels  prepared  with  Carbopol  ,  as  cosmetic  vehicles 

is  common. 

Schoenwald   et  al.   investigated  the  use  of  carbomer 
(Carbopol   940)  gels  containing  2%  pilocarpine,  0.01% 
benzalkonium  chloride,  0.01%  edetate  disodium,  2%  mannitol, 
and  purified  water  in  the  rabbit  eye  to  determine  if  high- 
viscosity  polymer  systems  could  overcome  the  suspected 
thinning  that  occurs  because  of  eye  movements  and/or 
blinking  of  the  eyelids,  thus  prolonging  the  effect  of 
pilocarpine  in  the  eye  (32).   Gels  contained  0.9-5.0% 
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carbomer,  neutralized  with  sodium  hydroxide-pilocarpine 
combination  to  pH  5.9-6.2.   Their  results  indicate  that 
increased  duration  of  the  gel  in  the  eye  for  gels  con- 
taining not  less  than  2.7-3.0%  carbomer  occurred,  giving 
correspondingly  prolonged  miotic  effects. 

Schoenwald  and  Boltralik  conducted  a  study  in  rabbits 
to  determine  whether  a  high  viscosity  gel  would  show 
increased  bioavailability  for  two  steroids  when  compared 
to  commercially  available,  reference  preparations  (33). 
A  1%  aqueous  gel  suspension  of  Carbopol   940  was  used  as 
the  vehicle  for  labeled  prednisolone  acetate,  a  water- 
insoluble  steroid,  and  a  1%  aqueous  gel  of  Carbopol   934 
was  prepared  for  use  with  labeled  prednisolone  sodium 
phosphate,  a  water-soluble  steroid.   At  specific  times 
after  instillation,  the  prescribed  number  of  rabbits  were 
sacrificed,  and  aqueous  humor  and  cornea  were  sampled. 
Measurements  indicated  that  the  uptake  of  both  steroids 
was  significantly  increased  as  a  result  of  gel  formulation 
use,  with  prednisolone  acetate  showing  a  4.5-fold  increase 
and  prednisolone  sodium  phosphate  a  5.5-fold  increase  over 
the  respective  reference  preparations.   It  was  also  noted 
that  significant  quantities  of  gel  were  observed  in  rabbit 
conjunctival  sacs  through  8  hours,  and  that  the  quantity 
of  gel  in  the  rabbit  eye  slowly  diminished  over  time. 
This  indicated  that  the  drug  was  probably  made  available  for 
absorption  partly  by  diffusion  through  the  bulk  of  the  gel 
and  partly  by  uptake  from,  the  surface  of  the  gel  as  it  con- 
tinuously erodes. 
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No  reports  of  the  ophthalmic  use  of  Carbopol 
preparations  similar  to  base  E-3,  described  in  this  investi- 
gation, were  found. 

Plasticizers  are  added  to  plastic  materials  to  improve 
flow  and  to  reduce  brittleness  of  the  product.   The  basic 
requirements  which  must  be  met  by  a  plasticizer  are  compat- 
ibility and  permanence  (34) .   The  plasticizer  must  be 
miscible  with  the  plastic  system,  exhibit  similarity  in  the 
intermolecular  forces  active  in  the  system,  have  a  low 
vapor  pressure  and  low  diffusion  rate  within  the  polymer 
network . 

In  1956,  Collins  and  Zopf  reported  on  an  improved 
polyethylene  glycol  ointment  base  containing  1,2,6- 
hexanetriol  (35) .   Brittleness  in  polyethylene  glycol 
semi-solid  preparation  can  be  a  problem  when  storage 
temperatures  are  lowered.   The  new  formulation  was  reported 
to  show  improved  appearance,  have  less  tendency  to  be 
granular  and  to  be  compatible  with  all  major  ointment 
ingredients.   The  composition  was  as  follows: 

Base  CHA 

Polyethylene  glycol  4000  34  g 
Polyethylene  glycol  400  50  g 
1,2,6-Hexanetriol  16  g 

The  melting  point  for  this  base  was  listed  as  51.7°. 
Softening  did  occur  at  42°,  but  no  separation  was  noted. 
This  anhydrous  base  is  similar  to  base  E-4,  described  in 
this  investigation,  except  that  base  E-4  contains  a 
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substantially  higher  proportion  of  1 , 2 , 6-hexanetriol,  the 
plasticizer.   The  incorporation  of  more  than  10%  water  to 
Base  CHA  resulted  in  an  unsatisfactory  product,  correctable 
by  the  addition  of  greater  amounts  of  polyethylene  glycol 
4000.   Base  CHA  was  formulated  for  topical  use. 


Ophthalmic  Irritation  Testing 

According  to  Friedenwald  et  al.   quantitative 
evaluation  of  the  severity  of  predominate  disease  manifesta- 
tions by  a  numerical  method  was  widely  used  in  vitamin 
studies  as  early  as  1909,  by  Hoist  and  Trohlich  (36). 
Rothschild,  Friedenwald,  and  Bernstein  described  a  method 
for  grading  the  severity  of  ocular  reactions  in  allergies 
in  1933,  but  gave  no  illustrations  (37).   Friedenwald, 
Hughes,  and  Herrman,  in  1944,  were  the  first  to  give  a 
complete  method  for  the  evaluation  of  the  severity  of  the 
reaction  produced  so  as  to  yield  data  which  could  be 
studied  statistically  and  graphically  (38).   The  significant 
symptoms  were  specified  and  varying  maximal  values  were 
assigned  to  them,  the  rating  being  dependent  upon  their 
relative  importance. 

The  development  of  the  test  procedure  currently  used 
occurred  in  1944  and  was  reported  by  Draize,  Woodard,  and 
Calvery  (39) .   The  grading  system  is  a  slightly  modified 
interpretation  of  that  used  by  Friedenwald,  and  the 
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principle  was  extended  to  other  physiological  effects. 
A  complete  scheme  was  presented.   McCowan  and  Husa  (40) 
later  presented  another  method,  known  as  the  Modified 
Whitehill  Scale,  for  evaluating  irritation  in  rabbit  eyes 
caused  by  various  collyria. 

Articles  have  been  presented  offering  interpretation 
(41),  modifications  (42),  reviews  (43),  and  criticism  (44,45) 
of  the  original  Draize  Test.   Major  objections  to  the 
procedure  were  the  inter-  and  intralaboratory  variations 
due  to  interpretation  by  the  observers ,  and  the  difficulty 
of  producing  a  standard  lesion  from  which  to  estimate  the 
extent  of  damage  to  the  eye.   Harley  admits  to  the  fact 
that  secondary  infectious  processes  complicate  the  conduction 
of  reliable  irritation  and  effectiveness  studies,  and  mar 
the  ability  of  the  observer  to  obtain  clear-cut,  decisive 
results  (46).   New  pieces  of  apparatus,  such  as  the  corneal 
applicator  (47)  and  the  cup-aspirator  (48)  ,  have  been  devel- 
oped to  improve  the  reproducibility  of  test  results,  but 
no  significantly  new  method  of  grading  has  evolved. 
Commercial  eye  irritation  studies  have  relied  on  some  form 
of  the  Draize  testing  method  (4  9) . 

Recently,  additional  objections  have  been  presented 
from  antivivisectionists  and  lay  critics  concerning  the 
Draize  Eye-Irritancy  Test  (50) .   The  cosmetic  industry, 
as  a  result,  has  allocated  large  quantities  of  money  and 
time  to  find  an  alternative  method  of  conducting  such 
tests.   Among  those  tests  currently  under  development  are 
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methods  for  culturing  ocular  material,  either  tissue 
fragments  or  cellular  elements,  and  a  test  using  the 
cultured  peritoneal  cells  from  a  rat,  to  replace  the  in 
vivo  eye  irritancy  tests  with  in  vitro  tests  of  equal  or 
better  sensitivity.   Mathematical  modeling  and  statistical 
analysis  can  be  used  to  reduce  the  number  of  animals  needed 
to  yield  significant  data. 


Test  Animals  for  Ophthalmic  Testing 

The  application  of  irritation  test  results  from 
animal  studies  to  man  is  still  unclear.   Beckley  (51) 
has  suggested  that  several  test  animals  be  used,  including 
the  rabbit,  dog,  and  monkey,  in  an  attempt  to  more  closely 
duplicate  the  effects  seen  in  the  human  eye.   However, 
since  the  rabbit  is  readily  available  as  a  strain-specific 
test  animal  with  a  large  corneal  surface,  and  is  economical 
to  raise  in  the  large  numbers  necessary  for  this  type  of 
testing,  a  large  amount  of  information  relating  to  this 
animal  has  been  compiled,  making  the  prospects  of  its  use 
more  desirable.   The  animal  most  frequently  used  is  the 
healthy,  adult,  New  Zealand  White  albino  rabbit,  both  male 
and  female  sexes. 

The  National  Formulary  XIV  describes  an  eye  irritation 
test  procedure  for  the  evaluation  of  extractables  in 
plastic  containers  for  ophthalmics  (52) .   Samples  of  the 
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plastic  container  are  extracted  with  sodium  chloride 
injection  and  with  cottonseed  oil.   Instillation  of  200 
ul  of  these  extracts  is  made  into  the  retracted  lower 
eyelid  sac  of  a  specified  number  of  albino  rabbits'  eyes. 
Suitable  blank  solutions  are  used,  and  each  animal  serves 
as  its  own  internal  standard.   Examination  for  irritation 
is  done  at  24,  48,  and  72-hour  intervals. 

Anatomically  and  physiologically,  the  rabbit  eye  is 
reported  to  be  different  in  many  respects  from  the  human 
eye  (53)  .   There  is  uncertainty  of  the  relative  sensitivity 
of  human  and  rabbit  eyes.   Stained  cross-sections  of  human 
and  rabbit  eyes  revealed  that  the  human  eye  exhibited  a 
relatively  thicker  epithelium  and  a  distinct  Bowman's 
membrane.   The  membrane's  thickness  in  the  rabbit  eye  was 
much  less.   The  thicker  epithelium  of  the  human  eye  was 
reasoned  to  be  a  factor  in  protecting  the  Bowman's  membrane, 
disruption  of  which  results  in  scar  formation  in  the  cornea. 
Healing  of  denuded  corneal  epithelium  required  about  three 
times  longer  in  the  rabbit  than  in  the  human  eye.   Obser- 
vations showed,  however,  that  the  rabbit  eye  has  enormous 
regenerative  power  following  very  severe  damage  and  that 
injury  to  Bowman's  membrane  does  not  always  result  in 
scar-tissue  formation. 

Mann  and  Pullinger  also  noted  differences  between  the 
eyes  of  humans  and  rabbits  (54).   Lesions  produced  in 
rabbit  eyes  by  ocular  contact  with  mustard  gas  were 
almost  identical  with  those  in  human  eyes,  although  the 
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rabbit  required  a  larger  dose  to  do  so.   It  was  postulated, 
also,  that  the  pathologic  processes  of  rabbits  are  speeded 
up  in  proportion  to  their  shorter  life  span,  so  that 
results  occur  approximately  10  times  as  rapidly  as  in  man. 

Prince  indicates  several  differences  which  must  be 
kept  in  mind  when  attempting  to  extrapolate  results 
obtained  in  rabbit  eyes  to  man  (55) .   While  the  normal 
coats  of  the  eye  do  not  differ  greatly,  the  circulatory 
systems  show  differences.   Accommodation,  the  ability  to 
change  the  shape  of  the  lens  to  focus,  is  much  less  in  the 
rabbit  than  in  man,  in  fact  being  almost  useless.   The 
rabbit,  in  addition,  has  several  anatomical  structures 
which  man  does  not  possess,  such  as  an  active  retractorbulbi 
muscle,  a  Harder' s  gland  (essentially  a  lubricating  function), 
an  active  nictitating  membrane,  and  a  nictitous  gland. 
The  lacrimal  gland  is  relatively  much  larger  in  the  rabbit, 
and  the  lacrimal  drainage  system  is  somewhat  different. 
The  rabbit  is  also  devoid,  according  to  Prince,  of  a 
significant  Bowman's  membrane.   However,  despite  these 
differences,  the  similarities  between  the  eyes  of  the 
rabbit  and  man  are  numerous  enough  to  justify  its  use  in 
the  ophthalmic  laboratory. 

Eye  irritation  studies  have  been  made  on  the  sodium 
salt  of  CarbopolR  940  in  aqueous  solutions  of  0.4  and  one 
percent  concentrations  (56).   One  milliliter  of  each 
solution  was  introduced  into  the  conjunctival  sac  of 
rabbits'  eyes  and  examinations  were  performed  after  1,  24, 
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48,  and  72  hours.   Results  indicated  only  insignificant 
irritation  and  no  damage  to  the  ocular  tissues. 

The  mixed  sodium-Ethomeen  C-25  salt  of  Carbopol   934 
has  also  been  tested  for  eye  irritation  effects  (57) .   The 
salt  was  made  into  a  gel  with  water,  the  concentration  of  the 
chemical  being  0.5%  by  weight.   One  drop  of  this  material  was 
instilled  into  the  right  eye  of  albino  adult  rabbits  using 
the  left  eye  as  a  control.   The  eyelid  was  held  closed  for 
one  minute  after  instillation  and  examinations  were  made  at 
one-half  hours  and  24  hours  after  application.   Fluorescein 
was  used  to  check  for  corneal  surface  injury.   In  no  instance 
was  there  any  detectable  evidence  of  eye  injury  or  irritation 

Glycols,  also  commonly  called  diols,  are  characterized 
by  two  hydroxyl  groups,  which  contribute  to  water  solubility 
and  hygroscopicity.   As  a  class  the  glycols  are  of  a  low 
order  of  ophthalmic  toxicity.   Ethylene  glycol  exhibited  no 
evidence  of  surface  damage  in  the  rabbit  eye  upon  instilla- 
tion of  the  liquid  chemical  (58) . 

As  polymers  of  ethylene  oxide,  the  polyethylene  glycols 
comprise  a  group  of  unique  chemicals  widely  used  in  pharma- 
ceutical preparations.   Tests  for  evidence  of  eye  injury, 
which  is  defined  as  surface  damage  produced  by  the  liquid 
or  solid  chemical  or  appropriate  concentrations  thereof, 
have  shown  trace  injuries  for  polyethylene  glycolsa  200  and 
400,  and  none  for  polyethylene  glycol  4000(59). 


aCarbowaxR  brand  of  polyethylene  glycols,  Union  Carbide 
Corp.,  New  York,  New  York. 
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Draize  Test  results  for  cosmetic  grade  hexadecyl 
alcohol  in  rabbit  eyes  indicated  transient  irritation 
confined  to  the  conjunctivae;  there  was  no  effect  upon 
cornea  or  iris  (60) .   Dilution  of  the  alcohol  to  approxi- 
mately half-strength  with  mineral  oil  reduced  its  eye 
irritancy  to  a  negligible  level.   Human  studies  using 
solutions  of  1  and  5%  Hexadecyl  alcohol  in  mineral  oil 
applied  directly  to  the  eyes  of  subjects  also  produced 
only  transient  effects.   A  10%  solution  gave  slight  sub- 
jective irritation  accompanied  by  temporary  redness,  and  a 
30%  solution  resulted  in  local  discomfort  and  conjunctival 
irritation  which  completely  cleared  within  a  few  hours. 

1, 2, 6-Hexanetriol  is  described  as  virtually  non-toxic 
and  caused  no  reaction  when  applied  to  the  skin  of  rabbits 
(61) .  The  results  of  eye  irritation  tests  were  not  listed 
for  this  chemical. 


Microbiology  of  the  Anterior  Segment  of  the  Eye 

The  eye  harbors  bacteria  from  the  time  of  birth 
throughout  life.   The  normal  bacterial  flora  in  human  eyes 
consists  most  commonly  of  staphylococci  species  and 
diphtheroids;  streptococci  species  and  pneumococci  were 
present  infrequently  (62) .   Such  flora  was  modified  little 
by  age,  sex,  or  season.   Bacteria  cultured  from  the  eye 
are  similar  to  those  found  on  the  skin  and  in  the  upper 
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respiratory  tract;  bacteria  commonly  found  in  the  air  are 
rarely  recovered  from  the  eye  (63).   Of  those  bacterial 
infections  most  often  seen  in  the  anterior  eye,  infection 
of  the  conjunctiva,  both  chronic  and  acute,  infection  of 
the  eyelid  and  of  the  lacrimal  sac  and  canaliculi  are 
caused  most  frequently  by  Staphylococcus  aureus,  either 
alone  or  in  combination  with  other  organisms.   Corneal 
ulcers  are  caused  by  the  same  organism,  though,  in  cases 
of  trauma,  Pseudomonas  aeruginosa  is  a  major  cause  of 
ulceration  and  is  extremely  difficult  to  treat  (64) . 

In  healthy  adult  eyes,  Aspergillus  species  was  the 
fungus  most  commonly  found  upon  culture  (65) . 

The  normal  eye  presents  certain  barriers  to  the  intro- 
duction and  proliferation  of  microbial  organisms.   Among 
these  are  the  mechanical  washing  action  of  the  normal 
blink  reflex,  the  flushing  of  the  eye  surface  by  tears,  and 
the  lysozyme  content  of  the  tear  fluid  (66) .   The  normal 
bacterial  flora  of  the  eye  may  play  a  role  itself  in  con- 
trolling the  invasion  of  new  organisms,  possibly  by  the 
secretion  of  antibiotic  substances  (67)  .   The  mucin 
component  of  tears  plays  a  part  in  the  lubricating  and 
thickening  properties  of  the  tears  and  may  be  subject  to 
certain  regulatory  factors,  the  absence  of  which  may 
promote  disease  (68).   An  intact  epithelial  surface  on 
the  cornea  prevents  the  invasion  of  many  microbes,  notably 
Ps.  aeruginosa  and  various  fungal  species. 
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It  is  not  surprising,  then,  since  a  very  large  number 
of  common  ophthalmic  diseases  are  caused  at  least  in  part 
by  microbes  most  usually  found  in  or  around  the  eye,  that 
preservatives  for  ophthalmic  ointments  should  be  effective 
against  them. 


Sterilization  Methods  of  Ophthalmic  Ointments 

For  many  years,  it  was  assumed  that  the  anhydrous 
nature  of  petrolatum-based  ophthalmic  ointments  provided 
an  environment  which  was  not  conducive  to  the  proliferation 
of  microorganisms.   Improved  sterility  testing  methods, 
however,  resulted  in  proof  that  a  large  number  of  com- 
mercial ointments  were  indeed  contaminated.   Vander  Wyk 
and  Granston  (6  9)  tested  83  commercial  ointments  for 
contamination  by  bacteria  and  found  71  to  contain  micro- 
organisms.  The  method  used  for  testing  consisted  of 
aseptically  melting  the  ointment  sample,  dispersing  it  in 
water,  and  plating  aliquots  of  the  dispersion. 

The  TJSP  XX  recognizes  5  methods  of  sterilization  (70)  : 

1)  steam  sterilization,  denoting  heating 
in  an  autoclave  employing  saturated 
steam  under  pressure  at  a  minimum 
temperature  of  121°  for  not  less  than 
15  minutes; 

2)  dry  heat  sterilization,  denoting  exposure 
to  heated  air  in  a  specially  designed  and 
regulated  oven,  generally  at  temperatures 
of  160°  to  170°  for  a  period  of  not  less 
than  2  hours; 
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3)  gas  sterilization,  denoting  exposure  to 
sterilizing  gases  such  as  ethylene  oxide 
in  specialized  equipment; 

4)  sterilization  by  ionizing  radiation,  denoting 
the  exposure  of  the  article  to  radiation 

of  varying  dose,  dependent  upon  the 
microbial  bioburden  and  the  nature  of 
the  article  being  sterilized;  and, 

5)  sterilization  by  filtration,  denoting  the 
physical  removal  of  organisms  by  adsorption 
on  the  filter  medium  or  by  a  sieving 
mechanism. 


Additional  methods  of  sterilization  exist  (71) ,  but, 
for  various  reasons,  are  not  applicable  to  ointment 
vehicles.   Antimicrobial  agents  are  regarded  as  preserva- 
tives and  discussed  elsewhere  in  this  review. 

Sterilization  is  usually  regarded  as  the  use  of  any 
physical  or  chemical  method  to  eliminate  all  viable  microbes 
from  a  material  (72) .   An  organism  is  considered  to  be 
non-viable  when  it  loses  the  ability  to  propogate 
indefinitely  when  placed  in  a  suitable  environment,  or  it 
may  be  physically  removed  from  the  material,  for  example, 
by  filtration.   The  process  of  sterilization  has  as  its 
objective,  then,  the  production  of  products  that  contain 
zero  microorganisms  capable  of  growing  and  reproducing. 

Absolute  sterility  of  a  product  is,  in  a  practical 
sense,  impossible  to  achieve.   In  the  health  industries, 
the  objective  is  to  have  the  nonsterile  or  contamination 
level  less  than  10~6,  that  is,  that  the  probability  of  a 
single  unit  being  contaminated  in  a  batch  processed  under 
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the  same  conditions  is  less  than  1  in  1  million.   An 
excellent  discussion  of  the  concept  of  statistics  and 
sterilization  processes  is  presented  by  Pflug  (73) . 

The  majority  of  available  ophthalmic  ointments  are 
petrolatum-based  or  mixtures  of  petrolatum  and  mineral 
oil;  these  usually  can  be  sterilized  by  dry  heat  sterili- 
zation.  Those  bases  using  polyethylene-gelled  mineral 
oil  cannot  be  sterilized  by  dry  heat  without  separation  of 
their  components  (74)  . 

Perkins  has  reported  that  in  dry  heat  sterilization 
an  exposure  time  of  60  minutes  at  320°F  (160°C)  is 
approximately  the  equivalent  of  15  minutes  at  250°F  (121°C) 
in  moist  heat  (75).   Additionally,  the  addition  of  1%  water 
to  fats,  oils,  or  paraffin  made  sterilization  possible  in 
the  autoclave  after  30  minutes  at  120°  (76) .   Most  oils 
do  contain  a  small  amount  of  moisture. 

Glycols,  particularly  polyethylene  and  propylene, 
pose  a  problem  with  respect  to  sterilization.   If  these 
compounds  are  to  be  sterilized  in  an  autoclave,  a  minimum 
water  content  of  10  to  20  percent  is  essential.   When 
there  is  little  water  present,  sterilization  by  dry  heat 
is  recommended  at  140°  for  2  hours  for  polyethylene  glycol 
400  and  at  149°  for  2  hours  for  polyethylene  glycol  4000  (77) 

The  sterilization  of  dry  powders  similar  to  Carbopol 
resin  has  been  done  using  dry  heat.   An  exposure  of  2  hours 
at  160°  is  adequate  if  the  powder  is  restricted  to  a  layer 
\   inch  thick  in  a  Petri  dish  (78) . 
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An  ephedrine  gel  was  formulated  by  neutralizing 
Carbopol   934  with  ephedrine  base  (79) .   Sterilization 
of  this  gel  was  effected  by  autoclaving  at  a  temperature 
of  121.2°  and  15.3  lbs  for  30  minutes;  no  change  was 
observed  in  the  viscosity  or  pH  reading  upon  repeatedly 
subjecting  the  ephedrine  gel  to  autoclaving. 

Company  literature  states  that  heat  aging  of  the  dry 
Carbopol   resins  has  little  effect  on  subsequent  water 
swelling  capacity  or  physical  appearance  at  temperatures 
up  to  300°F  (148. 9°C)  for  as  long  as  2  hours  (80). 
Decomposition  proceeds  rapidly  above  300°F,  producing  hard, 
insoluble  granules  which  display  no  water-holding  capacity. 

Improved  filtration  equipment  and  materials  have 
allowed  changes  in  industrial  manufacturing  of  sterile 
ophthalmic  ointments.   An  example  of  such  changes  was 
reported  by  Smith,  Fonner,  and  Griffin  (81) ,  describing 
the  filtration  of  an  ointment  composed  of  anhydrous 
lanolin,  white  petrolatum,  and  mineral  oil  at  about  90-95°. 
Chlorobutanol  was  used  as  a  preservative  and  was  filtered 
at  room  temperature  because  of  stability  problems. 
Filtration  was  accomplished  under  pressure  using  a  0.45 
urn  prefilter  and  a  sterile  0.20  um  sterilizing  filter. 

Smith  reported  another  example  of  industrial 
sterilization  of  ophthalmic  ointments  (82) .   Two  base 
formulations,  minus  active  ingredients,  were  sterilized 
by  filtration  under  pressure  through  sterilizing  porosity 
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membrane  (0.22  urn)  filters.   Rheological  comparison  of 
the  bases  before  and  after  filtration  indicated  no  change. 

No  corresponding  literature  information  was  found 
concerning  the  attempted  filtration  of  nonaqueous  organogels 
such  as  the  ones  described  in  this  present  investigation. 
Additionally,  no  information  was  found  on  another  poten- 
tially useful  method  of  sterilizing  this  class  of 
preparation,  that  of  ionizing  radiation.   Investigation  of 
this  area  would  undoubtedly  be  worthwhile  at  some  future 
time. 


Sterility  Assurance  Tests  for  Ophthalmic  Ointments 

USP  XX  provides  several  test  methods  designed  to 
detect  the  presence  of  viable  forms  of  bacteria,  fungi,  and 
yeasts  in  ointment  vehicles  (83) .   For  water-soluble 
materials,  either  a  direct  transfer  procedure  to  the  test 
media  or  a  membrane  filtration  method  may  be  used.   In 
the  direct  transfer  method,  the  ointment  sample  is 
aseptically  transferred  from  the  test  container  to  a 
vessel  of  the  appropriate  culture  medium,  mixed,  and 
incubated  at  the  correct  temperature  for  not  less  than  14 
days.   Testing  by  membrane  filtration  requires  dissolution 
of  the  sample  in  either  specific  media  or  sterile  water, 
filtration  through  a  0.45  urn,  or  less,  sterile  membrane 
filter,  and  culturing  the  removed  filter  in  the  appropriate 


33 


media  for  not  less  than  7  days.   Other  methods  or 
modifications  of  these  methods  are  allowable  as  long  as 
the  results  are  comparable  to  those  obtained  by  the 
official  methods. 

Oils,  oleaginous  ointments  or  gels  not  soluble  in 
water  may  be  dissolved  in  sterile  isopropyl  myristate 
before  testing  by  similar  methods. 

In  a  review  article  in  1956,  Sykes  (8  4)  discussed 
the  state  of  the  art  in  sterility  testing  techniques, 
describing  methods  for  testing  many  types  of  materials, 
including  oils,  and  types  of  media.   Bowman  (85)  described 
a  membrane  filtration  method  application  to  the  sterility 
testing  of  petrolatum-based  antibiotic  ophthalmic  oint- 
ments.  Bowman  (86)  also  reviewed  the  sterility  testing 
of  pharmaceuticals  in  1969,  including  sampling  procedures, 
culture  media,  incubation  specifications,  biological 
indicators,  and  methods  of  testing.   Additional  reports  on 
membrane  filtration  sterility  testing  appeared,  such  as 
that  by  Tsuji  et  al.  (87)  and  application  information  for 
membrane  use  (88) . 

Information  concerning  the  application  of  membrane 
filtration  methods  to  water-soluble  non-aqueous  gels  was 
not  included  in  any  of  the  above  references. 

Until  recently,  the  effectiveness  of  a  sterilization 
process  had  relied  on  either  direct  sampling  of  the 
sterilized  product,  using  a  broad-range  culture  medium 
in  an  effort  to  detect  any  one  of  many  microorganisms  which 
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might  have  been  present,  or  a  variety  of  chemical  or 
physical  indicators,  which  would  melt  or  turn  color  when 
the  conditions  of  temperature  and  pressure  were  applied 
for  the  correct  time.   Both  of  these  approaches  exhibited 
significant  failures,  and  an  improved,  more  reliable 
method  was  developed  in  the  form  of  a  biological  indicator. 

Biological  indicators  are  standardized  preparations 
of  specific  microorganisms  relatively  resistant  to  the 
particular  sterilization  process,  used  to  demonstrate  in 
a  positive  manner  the  adequacy  of  the  sterilization 
process  (89).   They  are  of  two  forms,  each  of  which  in- 
corporates a  viable  culture  of  a  known  species  of  micro- 
organism.  One  form  is  the  addition  of  the  culture  directly 
to  representative  units  of  the  lot  to  be  sterilized.   If 
this  is  not  practicable,  the  culture  may  be  added  to  a 
carrier  which  shows  no  less  resistance  to  sterilization 
than  the  product  to  be  sterilized. 

Biological  indicators,  where  applicable,  are  the 
most  effective  means  of  demonstrating  the  adequacy  of  a 
sterilization  process  (90) . 

One  Of  the  most  outstanding  characteristics  of 
bacterial  spores  is  their  resistance  to  heat  activation. 
For  this  reason,  standardized  preparations  of  bacterial 
spores  are  used  to  monitor  various  sterilization  processes. 
Bruch  discussed  the  insufficiencies  of  finished-product 
sterility  tests  and  encouraged  the  use  of  knowledge  of 
microbial  death  rate  kinetics  (D  values)  and  biological 
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indicators  to  obtain  low  probabilities  (10   )  of  survivors 

in  sterilized  materials  (91) .   He  stated  that  the  best 
proof  to  certify  that  a  lot  of  sterilized  materials  has 
a  high  probability  of  being  sterile  is  the  destruction 
of  calibrated  doses  of  microoganisms  of  defined  resistance 
carried  by  a  few  samples  from  the  lot. 

Several  spore-forming  bacteria  have  been  used  as 
biological  indicators,  but  the  most  widely  accepted  for 
use  in  steam  autoclaving  is  Bacillus  stearothermophilus . 
Gillis  (92)  evaluated  six  commercially-available  biological 
indicators  containing  spores  of  B.  stearothermophilus  for 
resistance  parameters  to  121.1°  and  132.2°  saturated  steam 
in  a  specially  designed  experimental  steam  autoclave. 
He  found  large  variations  among  the  samples  and  that 
labeled  claims  on  some  of  the  indicators  were  not  sub- 
stantiated by  the  study.   Standards  were  recommended  which 
included  a  parameter  that  at  121.1°,  100%  of  the  spores 
in  a  standard  preparation  would  survive  for  5  minutes  and 
100%  would  be  killed  after  15  minutes  exposure  to 
saturated  steam. 

The  carrier  of  spore  preparations  of  B.  stearothermo- 
philus has  received  considerable  attention.   Brewer  and 
McLaughlin  (93)  reported  on  a  study  evaluating  a  steriliza- 
tion control  of  paper  impregnated  with  spores  of  this 
organism  and  specific  culture  media  containing  an  acid-base 
indicator  in  dehydrated  state.   Spore  survival  after 
exposure  to  sterilizing  process  is  indicated  by  a  color 
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change  and  turbidity.   The  type  of  spore  carrier,  among 
other  things,  was  evaluated  concerning  its  influence  on 
germ  count  and  heat  resistance  by  Buhlmann,  Gay  and 
Schiller  (94).   Their  results  showed  that  commercially- 
available  spore-impregnated  filter  paper  strips  and 
ampuls  of  spore  suspensions  had  a  very  low  heat  resistance. 
The  authors '  own  test  strips  showed  that  elevated 
temperature  and  desiccation,  associated  with  unsuitable 
storage  conditions  or  packing,  led  to  fairly  rapid  decrease 
in  the  number  of  living  spores.   Test  ampoules  containing 
spore  suspensions  constituted  a  more  reliable  test  object. 

Mayernik  (95)  studied  five  types  of  biological 
indicators  containing  either  mixed  cultures  of  B.  stearo- 
thermophilus  and  B.  subtilis,  or  cultures  of  B.  stearother- 
mophilus  alone,  on  various  strip  or  ampul  suspension 
carriers.   He  found  wide  variation  among  the  samples,  and 
also  wide  variation  among  the  heat-up  times  and  final 
temperatures  of  supposedly  equivalent  autoclaves,  leading 
to  an  additional  conclusion  that  the  normal  steam  autoclave 
cannot  be  used  as  a  research  tool  for  the  determination  of 
spore  resistance. 

Many  factors  affect  the  heat-resistance  of  spores 
of  B.  stearothermophilus ,  among  them  being  the  incubation 
temperature  and  the  nutritional  content  of  the  sporulation 
medium.   Several  authors  have  discussed  at  length  the 
nutritional  needs  of  thermophilic  bacteria  (96-98).   All 
seem  to  agree  that  a  complex  medium  was  necessary, 
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containing  various  amino  acids  and  minerals,  and  that 
temperature  had  an  effect  on  the  nutritional  requirements 
of  a  particular  strain  of  organism,  raising  or  lowering 
its  need  for  various  components  as  the  temperature  of 
incubation  varied. 

Heintz   et  al.  (99)   described  a  very  comprehensive 
method  for  the  production  of  spores  of  B.  stearothermo- 
philus,  their  standardization  with  regard  to  heat-resistance 
and  their  use  as  a  biological  indicator  for  injectable 
solutions.   A  sporulation  medium  composed  of  Nutrient 
Broth,  Yeast  Extract,  MnCl2  •  4H20,  and  Agar  was  used, 
having  a  pH  of  7.2  before  sterilization.   The  isolated 
spores  were  stored  at  2-4°. 

Brown  (100)  presented  a  study  concerning  the  heat 
resistance  of  bacterial  spores,  using  a  sporulation  medium 
composed  of  a  nutrient  agar  with  manganese  to  produce 
spores  of  B.  stearothermophilus . 

Thompson  and  Thames  (101)  used  a  sporulation  medium 
composed  of  tryptone,  potassium  phosphates  and  manganese 
sulfate  at  a  pH  of  6.8  after  autoclaving.   Growth  and 
sporulation  of  five  strains  of  B.  stearothermophilus 
were  studied,  with  increased  manganese  content  resulting 
in  increased  spore  production. 

A  chemically-defined  synthetic  medium  for  sporulation 
of  B.  stearothermophilus  was  reported  by  Anderson  and 
Friesen  (102) .   Its  composition  was  listed  as  including 
glucose,  1-glutamic  acid,  ammonium  phosphate  (dibasic), 
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potassium  phosphate  (monobasic),  ammonium  sulfate,  magnesium 
sulfate,  ferrous  sulfate,  manganese  sulfate,  and  calcium 
chloride.   The  final  unadjusted  pH  of  the  medium  was  6.5. 
These  references  suggest  the  following  conclusions: 


1)  that  commercially-available  biological 
indicators  show  wide  variation  in  their 
heat  resistance  and  must  be  standardized 
for  research  use; 

2)  that  a  good  choice  for  an  organism  for  use 
as  a  biological  indicator  is  B.  stearothermo- 
philus; 

3)  that  use  of  a  biological  indicator  provides 
the  best  available  assurance  of  the 
adequacy  of  a  sterilization  process;  and, 

4)  that  the  normal  autoclave  is  unsatisfactory 
for  exacting  research  regarding  heat- 
resistant  organisms  —  specialized  equipment 
is  necessary. 


Further  support  for  the  use  of  B.  stearothermophilus 
results  from  the  fact  that  the  organism  is  considered  to 
be  non-pathogenic  and  will  not  grow  at  normal  body 
temperature . 


Relevant  Pharmacological  Effects  of  Dimercaprol 

Dimercaprol 

Because  of  the  inclusion  of  BAL  in  the  formulations 
tested  for  irritation  potential,  a  brief  description  of 
its  principal  pharmacological  effects  is  presented. 
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Dimercaprol  (BAL,  2 , 3-dimercaptopropanol)  is  a  dithiol 
compound  which  forms  a  very  stable  and  relatively  non-toxic 
chelate  ring  with  heavy  metal  compounds,  especially  those 
containing  arsenic,  allowing  them  to  be  eliminated  from 
the  body  and  preventing  the  harmful  inhibition  of  essential 
sulfhydryl  enzymes  by  metals.   It  is  readily  absorbed  in 
the  eye,  and  a  5%  solution  in  ethylene  glycol  results  in 
little  irritation  when  instilled  ophthalmically  (103,104). 


Preservation  of  Ophthalmic  Ointments 

Ophthalmic  ointments  must  contain  a  suitable  substance 
or  mixture  of  substances  to  prevent  growth  of ,  or  to 
destroy,  microorganisms  accidentally  introduced  when  the 
container  is  opened  for  use  (105) .   A  survey  of  com- 
mercially-available ophthalmic  preparations  indicated  that 
the  antimicrobial  agents  currently  used  most  often  are 
methyl-  and  propylparabens,  chlorobutanol ,  benzalkonium 
chloride  (alone  and  in  combination  with  disodium  edetate) , 
and  phenylmercuric  nitrate. 

The  ideal  preservative  should  exhibit  a  number  of 
characteristics:   1)  possess  a  broad  spectrum;  2)  have 
continuing  activity;  3)  possess  rapid  action;  4)  be 
nonallergenic  and  nonsensitizing;  5)  be  nontoxic  and 
nonirritating;  6)  possess  chemical  and  pharmacological 
compatibility  with  the  other  ingredients;  7)  be  chemically 
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and  physically  stable;  8)  be  readily  inactivated  for 
testing  purposes;  and,  9)  exhibit  ready  solubility  in 
the  appropriate  vehicles  (106).   The  ideal  preservative, 
of  course,  does  not  exist.   Compromises  among  these 
characteristics  are  a  necessity  to  achieve  an  acceptable 
preservative  which  is  effective  in  use. 

A  large  quantity  of  literature  has  been  written 
concerning  the  effects  of  preservatives  in  ophthalmic 
preparations,  largely  solutions.   For  example,  Cooper  (107) 
presents  an  overview  of  preservatives  used  in  ophthalmic 
solutions,  listing  concentrations  and  probable  mechanisms 
of  action.   Russell,  Jenkins,  and  Harrison  (108)  review 
preservative  concentrations  and  characteristics  for  eye 
solutions,  indicating  those  which  are  irritant.   Kohn, 
Gershenfeld,  and  Barr  (109,110)  reported  on  the  effective- 
ness of  a  number  of  antibacterial  agents  against  several 
strains  of  Ps.  aeruginosa,  recommending  the  use  of 
benzalkonium  chloride. 

It  has  been  reported  that  Carbopol   resins  do  not 
support  mold  and  fungus  growth.   They  do  not,  however, 
prevent  mold  growth,  and  certain  bacteria  grow  well  in 
Carbopol  mucilage.   Such  growth  can  be  prevented  by 
autoclaving  the  Carbopol   mucilage  and  including  an 
antimicrobial  substance  such  as  0.1%  methyl  paraben, 
propylparaben,  or  p-chloro-m-cresol .   These  do  not  affect 
the  rheological  properties  of  the  gel  (111,112). 
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USP  XX  (113)  describes  procedures  for  the  estimation 
of  the  number  of  viable  aerobic  microorganisms  present  and 
for  freedom  from  designated  microbial  species  in 
pharmaceutical  articles  by  either  conducting  tests  for  a 
total  aerobic  microbial  count,  or  tests  for  the  presence 
of  Staphylococcus  and  Pseudomonas  species,  or  for 
Salmonella  species  and  E.  coli. 

Microbial  growth  requires  the  presence  of  moisture. 

In  petrolatum-based  ointments,  this  moisture  usually  exists 

as  surface  condensation;  therefore,  inoculation  of  the 

surface  of  such  an  ointment  with  a  specific  microorganism, 

followed  by  incubation,  should  provide  a  measure  of  the 

ability  of  the  product  to  support  growth  of  the  organism. 

As  an  example,  Jurgens  (114)  inoculated  non-aqueous 

oleaginous  bases,  some  of  which  contained  antimicrobial 

substances,  with  a  standard  inoculum  of  P_s.  aeruginosa. 

Antimicrobial  substances  used  were  benzalkonium  chloride, 

0.025%,  benzyl  alcohol,  2.0%,  or  chlorobutanol ,  0.5%  and 

1.0%.   His  results  (115)  stated  that  all  substances  except 

for  chlorobutanol  0.5%  were  found  to  be  effective. 

Gross  (116)  used  a  similar  technique  for  micro- 
ti 
biological  testing  of  some  Carbowax   and  polyoxyethylene 

stearate  suppository  bases  in  combination  with  water. 

The  organisms  used  were  E.  coli,  B.  subtilis,  A.  niger , 

Mucor ,  and  S.  cerevisiae,  representing  Gram-positive  and 

Gram-negative  bacteria,  molds  and  yeasts.   Anaerobic  and 

aerobic  tests,  in  addition  to  air-exposure  of  plated 
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samples,  were  done,  and  the  plates  and  tubes  examined 
macroscopically  and  microscopically  for  growth  over  a 
period  of  2  weeks.   No  growth  was  seen  in  any  of  the 
samples. 

Hugo  and  Russell  (117)  state  that  (microbiological) 
tests  performed  on  completed  formulations  should  present 
some  similarity  to  the  actual  conditions  of  stress  which 
the  product  could  encounter  in  real  life,  and  that  the 
use  of  accelerated  testing  procedures  with  extremes  in 
temperature,  pH,  etc. ,  is  not  generally  applicable  to 
microbiological  testing.   Temperature  cycling  (i.e., 
intermittent  storage  at  two  or  more  temperatures)  may  be 
used  to  detect  localized  weak  spots  in  the  microbial 
resistance  of  the  formulation,  such  as  the  formation  of 
dilute  moisture  films  on  the  surface  of  the  product. 

In  a  discussion  of  some  of  the  shortcomings  of  the 
U.S. P.  XVIII  Microbiological  Test,  Leitz  (118)  states  that 
the  method  described  —  which  has  not  been  changed 
substantially  in  the  current  U.S. P.  —  is  inefficient 
in  its  requirements  for  testing  individual  samples,  each 
challenged  by  a  different  single  organism;  she  recommends 
a  mixed  inoculum  and  use  of  differential  recovery  media. 
In  addition,  she  feels  the  panel  of  organisms  recommended 
is  unrealistic  in  two  respects:   first,  that  the  high 
initial  cell  count  is  far  in  excess  of  that  allowed  in 
a  product  made  under  good  manufacturing  practices  and 
is  probably  unlikely  in  anything  other  than  a  grossly 
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user-contaminated  multiple-use  product;  secondly,  the 
cells  used  are  too  young  and  too  uniform  in  age  to  be 
representative  of  chance  contamination,  and  no  spore- 
forming  bacteria  are  included  in  the  panel.   Time  require- 
ments are  the  same  regardless  of  the  type  of  product  tested 
by  the  U.S. P.  procedure;  Leitz  feels  a  differentiation 
should  be  made  for  products  of  different  use,  for  example, 
parenterals  and  ophthalmic  products  vs.  oral  or  topical 
preparations. 

Kellogg  (119)  reported  on  the  use  of  preservative 
testing  of  parenterals  and  ophthalmics  from  the  standpoint 
of  Quality  Control,  and  discusses  streamlining  the 
biological  test  so  that  the  procedure  can  be  used  for 
routine  control  analysis  on  a  batch-to-batch  basis. 

Yablonski  (12  0)  argues  against  using  the  composite 
or  mixed  culture  inoculum  approach  in  preservative  testing, 
and  notes  that  organisms  carefully  grown  on  rich  media 
may  or  may  not  be  able  to  adapt  to  a  particular  product 
environment  and  so  may  not  be  as  reliable  an  indicator 
of  preservative  effectiveness  as  inoculi  of  microbial 
contaminants  isolated  from  the  spoiled  product  itself. 

A  significant  problem  in  antimicrobial  testing  of 
formulations  is  the  inactivation  of  the  preservative, 
allowing  any  viable  microbes  present  to  proliferate  to 
a  detectable  level.   The  earliest  approach,  and  still 
the  primary  one,  was  dilution  of  the  sample  to  the  point 
where  the  preservative  is  no  longer  active.   Many  times, 
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this  method  is  adequate  and  its  simplicity  makes  it 
desirable;  in  some  cases,  however,  simple  dilution  is 
ineffective,  especially  when  dilution  volumes  are 
abnormally  high  and  the  formulation  being  tested  contains 
low  microbial  contamination  levels.   The  use  of  specific 
inactivation  media  is  then  the  preferred  method. 

Specific  inactivation  media  have  been  developed  for 
many  of  the  commonly- used  preservatives.   USP  XX  (121) 
states  that  soy  lecithin,  0.5%,  and  polysorbate  20,  4.0%, 
are  examples  of  ingredients  which  may  be  added  to  the 
culture  medium  to  neutralize  inhibitory  substances  present 
in  the  sample.   Kohn,  Gershenfeld,  and  Barr  (122)  list 
several  neutralizing  media  for  inactivation  of  quaternary 
ammonium  compounds,  amphoteric  surfactants,  iodophors, 
a  partially  polymerized  silver  mannuride,  chlorhexidine , 
and  colistin.   Lachman,  Lieberman,  and  Kanig  (123)  give 
several  selected  antibacterial  substances  and  their 
inactivation  methods  for  sterility  testing,  most  employing 
the  use  of  either  glycerin,  lecithin,  polysorbate  20 
or  polysorbate  8  0  as  added  ingredients.   The  principal 
methods  of  inactivation  use  either  neutralization  of 
ionic  charge,  dilution  to  non-effective  concentration, 
complexation,  absorption,  adsorption  or  combinations  of 
these  processes. 

Mechanisms  which  serve  so  well  in  the  selective 
inactivation  of  preservatives  in  culture  media  can  cause, 
in  turn,  problems  in  formulations  to  which  preservatives 
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are  added.   Lachman  (124)  indicates  that  reduced  preserva- 
tive concentration  can  occur  through  chemical  complexation 

with  a  surfactant  or  gum,  for  example,  polyethylene 

p 
glycol  (Carbowax  )  4000  will  bind  approximately  16%  of 

methylparaben  and  19%  of  propylparaben  present  in  a 

preparation  of  these  materials,  while  5%  polysorbate  80 

binds  80%  of  total  methylparaben  present  in  the  aqueous 

phase  of  a  preparation. 

In  a  study  of  the  compatibility  of  certain  preserva- 

p 
tives  with  Carbopol   934,  Schwarz  and  Levy  (125)  state  that 

a  marked  viscosity  decrease  and  precipitation  were  observed 

in  solutions  containing  0.5%  neutralized  Carbopol   and 

0.1%  benzalkonium  chloride,  but  neither  a  viscosity  decrease 

nor  precipitation  was  observed  in  solutions  which  contained 

0.01%  of  the  preservative.   The  reason  for  this  result 

is  stated  to  be  the  reaction  between  the  high  molecular 

p 
weight  anionic  Carbopol   and  the  cationic  preservative, 

causing  precipitation  of  the  resin  and  resultant  decrease 

in  viscosity.   The  mechanism  is  termed  "ionic  deswelling," 

and  is  the  cause  of  viscosity  decreases  in  Carbopol 

solutions  on  addition  of  sodium  benzoate,  benzoic  acid, 

and  high  concentrations  of  thimerosal,  as  well. 

Crooks  and  Brown  (126) ,  in  a  study  of  mixtures  of 

polyethylene  glycol  and  sodium  lauryl  sulfate,  state  that 

methylparaben  is  bound  to  polyethylene  glycol  by  an 

interaction  governed  by  a  very  low  association  constant. 
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At  any  particular  polyethylene  glycol  concentration,  the 
fraction  of  preservative  bound  is  independent  of  the  total 
preservative  concentration. 

Reports  of  preservative  binding  to  polymer  containers 
or  rubber  closures  are  numerous.   For  example,  Blackburn, 
Polack,  and  Roberts  (127)  assayed  a  selection  of  com- 
mercially available  ophthalmic  solutions  obtained  at 
random  from  shelves  of  community  pharmacies  for  chloro- 
butanol  content  and  compared  the  results  with  the  labeled 
0.5%  concentration.   The  assay  revealed  a  range  of 
0.02-0.29%  actual  chlorobutanol  content,  and  losses  were 
attributed  to  disappearance  of  the  chemical  during  the 
sterilization  process  or  the  sorbtion  by  plastic  containers 
during  subsequent  storage.   Richardson   et  al.   (128) 
state  that  the  preservative  content  of  thirty-four  com- 
mercially available  contact  lens  solutions  were  assayed 
and  over  half  of  the  solutions  contained  less  than  90% 
of  the  labeled  content.   Experimental  tests  indicate  that 
thiomersal  and  chlorobutanol  appear  to  be  sorbed  by  the 
container  (and  volatized  on  the  outside,  in  the  case  of 
chlorobutanol) ,  while  benzalkonium  chloride  and  chlor- 
hexidine  gluconate  interacted  mainly  by  a  surface  adsorption 
process.   The  extent  of  the  interaction  was  dependent  on 
the  type  of  plastic  polymer  used. 

The  processing  or  manufacturing  methods  of  ophthalmic 
product  preparation  can  affect  the  preservative  content. 
Reference  has  been  made  to  the  degradation  of  chlorobutanol 
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by  heat  sterilization.   Naido,  Price,  and  McCarthy  (129) 
report  that  losses  of  preservative  may  occur  during 
sterilization  of  ophthalmic  solutions  by  bacterialogical 
filtration,  losses  being  considerable  with  fibrous  abestos 
pads,  significant  with  porcelain  candles  and  sintered 
glass,  and  slight  with  membrane  filters.   Separate  buffered 
solutions  of  chlorhexidine  acetate,  0.01%;  phenylmercuric 
nitrate,  0.002%;  benzalkonium  chloride,  0.02%;  and  phenyl- 
ethyl  alcohol,  0.5%,  were  tested. 

The  effects  of  pH  on  the  efficiency  of  the  alkyl 
esters  of  p-hydroxybenzoic  acid  were  investigated  by 
Bandelin  (130).   He  states  that,  of  the  compounds  tested, 
the  esters  of  p-hydroxybenzoic  acid  were  least  affected 
by  pH  changes,  with  only  a  slight  reduction  in  activity 
at  the  higher  pH  levels.   He  also  notes  that  the  activity 
of  these  esters  increases  with  increasing  molecular  weight. 

The  concentration  of  preservatives  which  can  be  used 
in  ophthalmic  preparations  is  limited  by  the  potential  of 
each  for  producing  eye  irritation  or  injury  on  prolonged 
use.   Jaconia  (131)  reviewed  the  use  of  several  preserva- 
tives and  reports  that  "safe"  levels  for  some  have  been 
determined,  while  other  require  additional  investigation. 
Phenylmercuric  nitrate,  1:10,000  (0.0%),  is  recommended, 
as  are  levels  of  1:5000  (0.02%)  for  benzalkonium  chloride, 
and  0.8%  for  chlorobutanol.   A  total  ester  concentration 
of  0.08%  for  the  parabens  is  considered  to  be  bacterio- 
static, and  the  combined  0.2%  level  to  be  bactericidal, 
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though  the  latter  concentration  is  irritating  to  the  eye. 
Interesting  results  have  been  reported  from  combinations 
of  preservatives,  such  as  benzalkonium  chloride,  0.01%  and 
tetracemin,  0.05%,  or  ethylenediaminetetraacetate . 
USP  XVIII  (132)  recommends  levels  of  1:10,000  (0.01%)  for 
benzalkonium  chloride,  1:50,000  (0.002%)  for  phenylmercuric 
nitrate  or  phenylmercuric  acetate,  and  0.5%  for  chloro- 
butanol,  noting  that  chlorobutanol  hydrolyzes  to  hydro- 
chloric acid  with  a  resultant  decrease  in  solution  pH. 
Similar  concentrations  are  recommended  by  Russell,  Jenkins, 
and  Harrison  (133) . 

Several  authors  have  presented  mathematical  models 
for  the  prediction  of  preservative  action,  mainly  from 
true  solutions  and  solubilized  and  emulsified  systems. 
Allawala  and  Riegelman  (134)  discuss  the  concept  of 
availability  in  terms  of  bacterial  agents  of  the  kinetic 
type,  that  is,  their  toxicity  is  dependent  upon  time, 
among  other  factors.   Availability  may  be  equated  with 
permeability,  the  grams  per  unit  time  required  for  an 
antibacterial  agent  to  traverse  a  bacterial  membrane;  with 
diffusion;  with  transfer  across  an  interface,  as  a  function 
of  the  partition  coefficient;  or,  with  the  rate  of 
adsorption,  when  the  action  of  the  drug  is  on  the  surface 
of  the  bacterium.   The  experimental  data  are  explained  in 
terms  of  the  fundamental  driving  forces  behind  this 
availability  concept,  in  that  the  driving  force  measures 
how  far  short  of  equilibrium  the  system  is;  the  availability 
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measures  the  rate  at  which  this  equilibrium  is  approached. 
Further,  the  effects  of  solubilization  of  preservatives 
by  the  formation  of  micelles  is  discussed  in  terms  of 
concentration  of  both  preservatives  and  surface-active 
agent,  saturation  of  aqueous  phase  with  preservative,  and 
killing  time  change  corresponding  to  increases  in  surface- 
active  agent  concentration. 

Garrett  (135)  presented  a  basic  model  for  the  evalua- 
tion and  prediction  of  preservative  action  in  oil /water 
emulsion  systems  in  which  he  develops  several  concepts 
such  as  macromolecular  binding,  effect  of  pH,  and 
preservative  activity  in  the  external  aqueous  phase  of 
o/w  emulsions.   The  result  is  an  integrated  mathematical 
model  for  the  estimation  of  preservative  action  which 
yields  a  total  concentration  of  preservative,  PT,  and  the 
principles  related  to  use  of  combinations  of  preservatives 
are  discussed. 

Kazmi  and  Mitchell,  in  a  series  of  articles  (136-138) , 
present  mathematical  models  for  the  calculation  of  free 
preservative  necessary  for  inhibitory  or  bactericidal 
action  of  chlorocresol  in  solubilized  systems  and  o/w 
emulsions  stablized  by  a  nonionic  macromolecular  surfactant, 
cetomacrogol.   They  develop  the  concept  of  capacity  for 
these  systems,  allowing  first  calculations  in  an  effort 
to  avoid  much  "trial-and-error"  formulation  when  purely 
microbiological  techniques  are  employed. 
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Wedderburn  (139)  presented  a  comprehensive  review  of 
the  chemical  and  physical  aspects  of  preservative  action 
in  general,  and  specifically  in  emulsions.   Rigler  and 
Schimmel  (140)  reviewed  the  use  of  preservatives  in 
various  cosmetics  and  suggest  that  in  preparations  having 
a  low  moisture  content  (as  low  as  12%) ,  little  nutrient 
resources,  and  relatively  low  pH  (pH  4  to  6) ,  fungi  are 
the  most  likely  organism  to  be  found,  probably  as  a 
surface  growth,  when  storage  of  the  product  is  at  room 
temperature  (20-24°) .   Support  for  the  single  organism 
challenge  test  can  be  seen  in  the  reasoning  that  cosmetic 
preparations  contaminated  with  multiple  organisms  usually 
provide  an  environment  favorable  to  the  growth  of  one 
organism  over  another;  thus,  a  given  preparation  may 
eventually  harbor  what  is  essentially  a  pure  culture  of 
a  single  species. 

Little  quantitative  work  has  been  reported  on  the 
preservation  of  anhydrous  semi-solid  preparations,  possibly 
because  of  the  basic  assumption  that  the  vehicle  for 
growth  of  the  microorganism  is  aqueous  and  the  biological 
activity  of  preservative  action  must  be  exercised  in  the 
aqueous  phase  (141).   Dried  bacterial  cells,  spores,  and 
certain  fungi  can  survive,  however,  for  extended  periods 
in  anhydrous  vehicles,  notably  vegetable  oils  (142)  . 
Furthermore,  in  spite  of  apparent  successes  in  calculating 
preservative  levels  necessary  for  effective  activity,  the 
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most  reliable  method  remains  a  combination  of  the  microbial 
challenge  approach  interpreted  by  an  appreciation  of  the 
factors  which  affect  preservative  performance. 

Ansel  (143)  lists  several  considerations  in  his 
discussion  on  the  selection  of  preservatives:   1)  that  the 
preservative  should  be  effective  against  types  of  microbes 
most  likely  to  contaminate  the  particular  type  of 
preparation;  2)  that  the  preservative  be  soluble  enough 
in  water  to  achieve  adequate  antimicrobial  concentrations; 
and,  3)  that  the  proportion  of  preservative  remaining 
undissociated  at  the  pH  of  the  preparation  be  sufficient 
to  penetrate  the  organism  and  destroy  it. 

Preservative  "capacity,"  as  defined  by  Hugo  and 
Russell  (144) ,  is  a  measure  of  the  total  quantity  of 
microorganisms  a  formulation  can  inactivate  before  signifi- 
cant deterioration  of  efficiency  becomes  evident,  and 
varies  with  preservative  type. 

Within  these  restrictions,  a  limited  number  of 
chemicals  have  been  found  useful  for  preservation  of 
ophthalmic  preparations;  a  brief  description  of  possible 
mechanisms  of  action  follows  for  a  selected  number  of  them. 

Mechanisms  of  Preservative  Action 

Ansel  (14  3)  separates  the  mode  of  preservative  action 
into  four  categories,  indicating  that  one  or  more  may 
be  applicable  at  the  same  time: 
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1)  Modification  of  membrane  permeabiility; 

2)  Denaturazation  of  enzymes  or  other 
cellular  proteins; 

3)  Oxidation  of  cellular  constituents;  and, 

4)  Hydrolysis. 

Several  examples  are  given.   The  esters  of  p-hydroxybenzoic 
acid  exert  their  action  by  denaturazation  of  proteins; 
phenolic  compounds  act  by  lytic  and  denaturing  mechanisms 
on  membranes,  as  do  alcohols  such  as  chlorobutanol; 
quaternary  ammonium  compounds  operate  by  lytic  action  alone 
on  membranes. 

Hedgecock  (145)  reports  that  the  action  of  benzal- 
konium  chloride  at  low  concentration  appears  to  be  that  of 
protein  precipitation  and  dissociation  of  conjugated  pro- 
teins.  He  states  that  phenolic  materials  combine  with  the 
bacterial  cell  by  an  adsorption  process  (146)  which  may 
involve  hydrogen  bonding,  with  the  hydroxyl  group  as  the 
active  component  which  reacts  with  the  cell;  the  mechanism 
of  action  at  low  concentrations  is  reversible  protein 
precipitation,  which  at  higher  concentrations  becomes 
irreversible  and  involves  permanent  enzyme  damage. 

The  polymyxins,  a  family  of  polypeptides  produced  by 
Bacillus  polymyxa,  exert  their  action  by  binding  to  the 
outer  surface  of  sensitive  cells,  and  producing  a  leakage 
of  cell  constituents  including  purine  and  pyrimidine 
derivatives  (147) .   The  antibiotic  is  stated  to  be  bound 
to  particules  of  lipoprotein,  and  the  complexing  of 
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polymyxin  with  ionized  phosphate  groups  of  phospholipids 
in  the  protoplast  membrane  presumably  leads  to  disruption 
of  the  lipoprotein  and  the  integrity  of  the  membrane. 
Studies  on  organisms  other  than  Gram-negative  bacteria 
suggest  action  on  the  cell  walls. 

Davis  and  Dulbecco  (148)  discuss  specific  chemical 
agents  used  as  antimicrobial  substances.   Some  surface-active 
agents,  especially  cationic  detergents  such  as  benzalkonium 
chloride,  are  active  against  all  kinds  of  bacteria,  acting 
by  disrupting  the  cell  membrane,  causing  a  release  of 
metabolites.   Phenol  is  stated  to  be  both  an  effective 
denaturant  of  proteins  and  a  detergent;  its  bactericidal 
action  involves  cell  lysis.   The  compound  p-chloro-m-xylenol 
is  an  example  of  a  chlorinated  phenolic  derivative. 

Numerous  authors  mention  the  combination  of  disodium 
edetate  (ethylenediaminetetraacetic  acid,  disodium  salt; 
Na2  EDTA)  with  polymyxin  B  sulfate  or  benzalkonium  chloride 
to  increase  their  antipseudomonal  activity.   Jaconia  (14  9) 
reviews  this  aspect  of  preservation.   MacGregor  and  Elliker 
(15  0)  adapted  a  strain  of  Ps.  aeruginosa  to  grow  on 
Tryptone-Glucose-Yeast  Extract  Agar  containing  2000  ppm 
alkyldimethylethylbenzyl  ammonium  chloride  (QAC-A) ; 
treatment  of  these  resistant  cells  with  100  ppm  EDTA  in  the 
presence  of  100  ppm  QAC-A  resulted  in  a  return  of  QAC-A 
sensitivity  and  a  kill  rate  approaching  100%  in  300  sec. 
It  was  postulated  that  the  QAC-A  resistant  strains  of  Ps. 
aeruginosa  owe  their  resistance  to  their  impermeability  to 
QAC-A. 
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Brown  and  Richards  (151)  used  a  spectre-photometric 
method  to  investigate  the  effects  of  EDTA  on  the  action  of 
several  antimicrobial  agents  against  cultures  of  Ps. 
aeruginosa,  NCTC  8203,  in  nutrient  broth.   It  was  found 
that  the  separate  activities  of  polymyxin  B  sulfate  (1 
unit/ml) ,  benzalkonium  chloride  (35  ug/ml) ,  and  chlorhexidine 
diacetate  (0.7  ug/ml)  were  increased  substantially  in  the 
presence  of  EDTA  (6.5  ug/ml).   Magnesium  and  calcium  ions 
were  found  to  block  this  action.   The  postulated  mechanism 
indicates  that  inhancement  by  EDTA  may  be  related  to  its 
chelating  properties  and  it  is  noted  that  sodium  salts  of 
EDTA  are  effective,  magnesium  salts  are  not.   A  hypothesis 
presented  states  that  EDTA  exerts  a  lytic  action  and  is 
synergistic  with  antibacterial  agents  by  a  mechanism 
involving  removal  of  calcium  or  magnesium  ions  or  both  from 
cell  membranes. 

A  study  utilizing  electromicroscopy  (152)  concluded 
that  part  of  the  mechanism  of  action  of  benzalkonium  chloride 
in  subinhibitory  concentrations  is  to  damage  severely  the 
external  membrane  of  Ps.  aeruginosa.   Edetate  disodium  also 
damages  the  outer  layers  of  the  cell  envelope  and,  when 
used  in  combination  with  benzalkonium  chloride,  appears  to 
have  a  potent  effect  on  sites  internal  to  the  external 
membrane  of  the  cell.   Levels  of  benzalkonium  chloride 
used  range  from  1:1450  (0.07%)  to  1:20,000  (0.005%)  and  of 
disodium  edetate  from  1:20,000  (0.005%)  to  1:40,000  (0.0025%). 
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Surface  Tension;   Applicability  To  Ophthalmic  Preparations 

Definition 

The  cohesive  forces  between  adjacent  molecules  in 
liquids  are  well  developed.   Molecules  in  the  bulk  of  the 
liquid  are  surrounded  in  all  directions  by  other  molecules 
for  which  they  have  an  equal  attraction.   Molecules  at  the 
surface,  or  liquid/air  interface,  experience  attractive 
cohesive  forces  from  molecules  in  the  bulk  of  the  liquid 
and  adjacent  to  them  at  the  surface;  very  little  attractive 
force  is  exerted  by  molecules  in  the  vapor  phase  above  the 
surface.   The  net  effect  is  that  molecules  at  the  surface 
experience  an  inward  force  toward  the  bulk  of  the  liquid; 
this  force  effectively  contracts  the  surface  and  pulls 
the  molecules  at  the  interface  together,  for  example,  as 
in  the  concentration  of  soap  films  and  the  formation  of 
spherical  liquid  droplets.   The  force  which  must  be  applied 
parallel  to  the  surface  to  counterbalance  exactly  this 

inward  pull  is  known  as  the  surface  tension  and  is  expressed 

2 

in  the  units  of  dynes/cm  or  ergs/cm  . 

A  more  complete  discussion  of  the  theoretical  aspects 
of  surface  tension  can  be  found  in  texts  by  Martin  (153) 
from  which  this  definition  was  condensed,  and  by  Adamson 
(154)  and  Davies  and  Rideal  (155) . 

Measurement  of  Surface  Tension 

Several  methods  have  been  described  (156)  for  the 
measurement  of  surface  tension.   They  include  the 
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Drop-weight  Method,  where  the  weight  (or  volume)  of  a 
liquid  drop  which  detaches  itself  from  the  tip  of  a 
vertical  tube  is  measured  and  related  to  the  liquid  surface 
tension  force  determining  its  size;  the  Wilhemy  Plate 
Method,  where  the  force  pulling  on  a  thin  plate  attached 
to  a  balance  mechanism  is  determined  and  is  equal  to  the 
product  of  the  plate  perimeter  and  the  surface  tension  of 
the  liquid;  and,  the  Pendant  Drop  Method,  where  a  pendant 
drop  of  the  liquid  is  photographed  or  projected  on  to 
squared  paper  and  the  shape  of  the  drop  used  to  compute  the 
surface  tension. 

A  method  used  for  many  years  is  the  ring  method,  where 
the  surface  tension  determines  the  force  required  to  detach 
a  metal  ring  from  the  surface  of  the  liquid.   The  simplest 
theoretical  interpretation  of  the  results  equates  the  pull 
required  to  detach  the  ring  from  the  surface  to  the  total 
perimeter  of  the  ring  multiplied  by  the  surface  tension. 
The  total  perimeter  of  the  ring  is  twice  the  length,  since 
the  meniscus  pulls  on  each  side  of  the  wire.   The  combina- 
tion of  a  readily-cleaned  platinum  ring  attached  to  a 
torsion  wire  which  can  be  calibrated  has  been  incorporated 
into  an  instrument  known  as  the  du  Nouy  tensiometer. 

Surface-active  agents  generally  possess  polar  and 
non-polar  characteristics,  with  at  least  one  of  the  two 
regions  of  the  molecule  being  very  asymmetrical  and  of 
considerable  size.   Solutions  of  such  agents  in  water 
depend  on  the  interaction  of  the  polar  portion  of  the  agent 
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molecule  with  water  molecules,  and  solubility  is  limited 
by  the  existence  of  the  non-polar  portion  of  the  agent 
molecule  interpositioned  among  the  molecules  of  water. 
Solubilized  systems  of  higher  surface-active  agent  concen- 
tration occur  when  the  molecules  form  aggregates  known  as 
micelles,  in  which  the  non-polar  portions  of  the  agent 
molecules  orient  themselves  together,  leaving  the  polar 
portions  to  point  outward  toward  the  water  molecules. 
Formation  of  these  micelles  is  associated  with  specific 
changes  in  physical  measurements  of  the  solution  properties, 
such  as  surface  tension,  and  is  known  as  the  critical  con- 
centration for  micelle  formation  (C.M.C.).   A  more 
complete  discussion  of  this  phenomenon  is  provided  by 
Mulley  (157) . 

At  concentrations  below  the  C.M.C.,  surface-active 
agents  concentrate  at  the  air /liquid  interface  of  a  solution, 
orientating  themselves  molecularly  so  that  the  polar 
portion  is  associated  with  the  water  molecules  and  the 
non-polar  portion  is  repelled,  altering  the  surface 
characteristics  of  the  liquid,  sometimes  dramatically. 
When  these  changes  occur  in  tear  fluid  due  to  the  instilla- 
tion of  ophthalmic  preparations  containing  surface-active 
materials,  alterations  in  irritation  potential,  bioavaila- 
bility of  the  active  ingredient,  tear  volume  and  thickness, 
spreadability  and  the  preparation,  and  wettability  of  the 
corneal  surface  may  be  seen. 
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Application  To  Ophthalmic  Preparations 

The  importance  of  an  appreciation  for  the  surface 
chemistry  aspects  of  ophthalmic  preparations  containing 
polymers  has  been  reported  by  Benedetto,  Shah,  and  Kaufman 
(158,159).   Using  _in  vitro  and  in  vivo  methods,  they 
studied  the  effects  on  the  thickness  of  the  preocular  tear 
film  (PTF)  of  alterations  in  viscosity  and  surface-active 
properties  using  fluorescein  solutions  of  polymers  such 
as  hydroxypropylmethylcellulose  and  polyvinyl  alcohol, 
comparing  these  results  with  those  from  the  use  of  several 
commercially-available  ophthalmic  wetting  solutions.   Their 
results  indicate  that  increases  in  PTF  thickness  can  not 
be  attributed  to  increased  viscosity  alone,  but  may  be 
explained  by  at  least  three  mechanisms:   1)  by  increasing 
the  volume  of  fluid  available  in  the  marginal  tear  strip; 
2)  by  absorption  of  polymers  at  either  the  corneal /aqueous 
or  mucin/aqueous  interface;  or,  3)  by  a  film  of  polymer 
solution  at  the  air/tear  interface  supporting  a  layer  of 
water  beneath  it  or  by  dragging  a  layer  of  water  with  it 
as  it  spreads  over  the  ocular  surface  with  each  blink. 
These  effects  are  directly  related  to  the  surface-active 
properties  of  the  polymers  studied,  noting  that  polymer 
molecules  which  are  capable  of  rapid  adsorption  at  the 
air/tear  interface  will  move  from  the  bulk  solution  to  the 
surface  and  continue  to  provide  a  surface-pressure  gradient 
which  induces  spreading  until  equilibrium  is  reached.   The 
duration  of  polymer-induced  tear  film  thickening  would  be 
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a  function  of  the  retention  time  of  the  polymer  in  the 
eye,  and  highly  water-soluble  polymers  which  are  less 
surface  active  would  have  a  short  retention  time  in  the 
PTF  since  they  would  be  removed  by  the  normal  tear  flow. 
The  relative  importance  of  viscosity-mediated  mechanisms 
and  those  due  to  degree  of  polymer  surface  activity  are 
stated  to  depend  on  use  of  the  ophthalmic  product,  that 
is,  whether  the  concern  is  for  drug  bioavailability, 
spreading  properties  as  a  wetting  preparation,  or 
"cushioning"  characteristics  in  the  case  of  contact  lens 
use. 

Brauninger,  Shah,  and  Kaufman  (16  0)  demonstrated  by 
simple  physical  means  the  existence  of  an  oily  layer  on 
the  tear  film  surface,  further  enhancing  interest  in 
polymers  which  possess  surface-active  properties. 

Wolff  and  Meyer  (161)  indicate  that  Carbopol 
polymers  provide  repeating  carboxyl  groups  which  can  be 
modified  to  produce  a  molecule  with  surface-active 
character.   Neutralization  of  a  portion  of  the  carboxyl 
groups  with  long  chain  alkyl  amines  yields  a  molecule  with 
a  lipophilic  portion  which  can  orient  itself  effectively 
at  oil/water  interfaces.   Neutralization  of  some  or  all 
of  the  remainder  of  the  carboxyl  groups  with  a  common 
base  such  as  sodium  hydroxide  provides  control  over  pH, 
viscosity,  and  yield  value  of  a  preparation.   One  of  the 
more  effective  amines  used  for  neutralization  of  Carbopol 
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R     a. 
resins  is  Ethomeen  C/25  ,  a  polyethylene  oxide  modified 

dodecylamine  which  has  some  advantage  over  the  use  of 
unmodified  amines  because  of  increased  water  solubility 
and  lower  interfacial  tension  at  equivalent  usage  levels. 
Thus,  some  effects  on  the  anticipated  ophthalmic  charac- 
teristics of  a  vehicle  gelled  with  long  chain  amine- 
neutralized  Carbopol   resin  may  be  attributed  to  surface 
activity. 

The  effects  of  surface-active  agents  can  extend  also 
into  the  area  of  sterility  assurance  and  preservative 
testing.   Wedderburn  (162)  notes  that  variations  in  surface 
tension  of  culture  media  are  well  known  to  microbiologists 
as  a  means  of  influencing  growth,  and  thus  the  surface 
tension  of  an  aqueous  phase  of  an  emulsion  is  certain 
to  be  a  factor  in  determining  what  organisms  grow  in  it. 
Gram-positive  organisms  do  not  grow  well  at  surface  tension 
levels  much  below  50  dyne/cm,  while  many  Gram-negative 
bacteria,  and  the  coliforms  in  particular,  flourish  in 
environments  abounding  with  surfactants,  even  though 
cationic  surfactants  are  toxic  to  many  organisms. 
Therefore,  results  of  direct  dilution  tests  of  water- 
soluble  semi-solid  vehicles  containing  surface-active 
polymers  could  be  altered  by  dramatic  decreases  in  media 
surface  tension.   It  apparently  has  not  been  determined 


aEthomeen  is  a  trademark  of  the  Armour  Industrial  Chemical 
Co.,  Chicago,  111. 
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to  what  extent  Carbopol  polymers  influence  such  tests 
and  whether  these  polymers  are  toxic  to  microbial  growth 
under  these  conditions. 


Rheoloqy:   Applicability  To  Ophthalmic  Preparations 

Definitions 

The  term  rheology  is  used  to  describe  the  deformation 
and  flow  properties  of  matter.   Viscosity  is  an  expression 
of  the  resistance  of  a  fluid  to  flow,  and  is  usually 
applied  to  simple  liquids,  although  the  term  has  been  used 
to  describe  more  complex  systems. 

The  consistency  of  non-Newtonian  materials  is  attributed 
to  the  summation  of  many  complex  properties  such  as 
elasticity,  yield  value,  texture,  and  viscosity,  and  cannot 
be  expressed  adequately  by  any  single  index.   However, 
several  fundamental  rheological  properties  which  are 
indicative  of  consistency  can  be  determined,  and  an 
inspection  of  the  complete  consistency  curve  of  rate  of 
shear  vs.  shearing  stress  gives  an  indication  of  the 
behavior  of  the  material  when  it  is  subjected  to  manipu- 
lation (163)  . 

Materials  classified  by  types  of  flow  and  deformation 
are  placed  in  one  of  two  categories:   Newtonian  or  non- 
Newtonian  systems.   Liquids  such  as  water,  glycerin  and 
chloroform;  true  solutions  such  as  syrups;  and  very  dilute 
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colloidal  systems  exhibit  flow  properties  where  the  rate 
of  shear  is  directly  proportional  to  the  shearing  stress. 
The  isothermal  flow  of  such  liquids  can  be  described  by 
a  single  value,  the  absolute  viscosity. 

Semi-solids,  and  many  other  pharmaceutical  preparations, 
fail  to  follow  this  simple  relationship  and  are  classified 
as  non-Newtonian  systems.   Such  systems  may  exhibit  charac- 
teristic flow  properties  which  can  change  with  changes  in 
pH,  temperature,  time  and  speed  of  deformation,  additives, 
and  the  previous  treatment  which  the  material  has  undergone, 
among  other  factors. 

Non-Newtonian  materials  can  be  analyzed  in  a  suitable 
viscometer  to  yield  characteristic  consistency  curves  or 
rheograms  for  various  types  of  flow,  such  as  plastic, 
pseudoplastic,  and  dilatant.   Plastic  flow  is  characterized 
by  a  rheogram  in  which  the  curve  is  linear  over  most  of  its 
length,  but  does  not  pass  through  the  origin;  instead, 
the  linear  portion  intersects  the  horizontal  shearing  stress 
axis  at  a  point  known  as  the  yield  value.   This  type  of 
flow  is  associated  with  the  presence  of  flocculated  particles 
in  concentrated  suspensions,  resulting  in  a  continuous 
structure  throughout  the  system,  and  only  a  shearing  stress 
above  the  yield  value  provides  sufficient  force  to  break 
this  structure  and  cause  movement  or  flow. 

Pseudoplastic  flow  is  characterized  by  a  rheogram  in 
which  no  yield  value  is  apparent,  and  the  flow  curve  is 
non-linear,  approaching  the  origin  of  the  graph.   Viscosity 
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decreases  with  increasing  shear  rate,  also  known  as 
"shear  rate  thinning".   This  type  of  flow  is  exhibited 
by  polymers,  such  as  the  natural  gums,  in  solution,  and 
results  from  the  shearing  action  on  the  long-chain  molecules 
of  linear  polymers  which  are  disarranged  and  matted  at  low 
shear  rates,  but  tend  to  become  aligned  at  higher  rates 
of  shear. 

Dilatant  flow  is  characterized  by  an  increase  in 
resistance  to  flow  with  increasing  shear  rates,  that  is, 
the  material  returns  to  a  fluid  state  when  agitation  is 
stopped.   This  type  of  flow  is  termed  "shear  rate 
thickening"  and  is  essentially  the  reverse  of  pseudoplastic 
flow.   It  is  characteristic  of  suspensions  containing  high 
concentrations  of  very  fine  particles  which  are  def locculated 
at  lower  rates  of  shear  and  flocculated  at  higher  rates. 

Some  non-Newtonian  materials  can  show  flow  properties 
characterized  by  an  initial  breakdown  in  structure  as 
rates  of  shear  are  increased  followed  by  a  resetting  of  the 
material  to  a  semi-solid  consistency  when  allowed  to  stand 
undisturbed.   This  phenomenon  is  termed  thixotropy  and  is 
a  reversible  isothermal  sol-gel  transformation  produced 
by  a  structural  breakdown  and  reaggregation  of  floccules, 
crystallites,  linear  polymers  or  finely-suspended  particles 
superimposed  on  the  basic  flow  types.   The  rheogram  will 
exhibit  a  hysteresis  loop. 

A  more  complete  theoretical  treatment  of  rheological 
characteristics  can  be  obtained  from  one  of  the  texts  from 
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which  these  definitions  were  condensed,  such  as  those  by 
Martin  and  Banker  (164)  ,  Martin  et  al.  (165)  ,  Wilkinson 
(166) ,  and  Van  Wazer   et  al.  (167) . 

Measurement  of  Semi-Solids 

Manufacturers  of  therapeutic  ointments  have  recognized 
for  a  long  time  the  need  to  provide  preparations  which 
have  uniform  consistency  from  batch  to  batch,  and 
rheological  measurement  is  included  as  a  part  of  the  pro- 
cedures for  quality  control.   Martin  and  Banker  (168) 
discuss  the  use  of  multi-point  vs.  one-point  measurements 
and  indicate  that  the  most  accurate  method  for  non- 
Newtonian  materials  is  the  construction  of  multi-point 
rheograms  for  comparison  of  one  batch  to  another. 

A  rotational  viscometer  can  be  used  to  supply  data  for 
the  construction  of  specific  rheograms.   It  is  desirable  to 
have  the  instrument  designed  so  that  the  speeds  of  the 
rotating  elements  can  be  changed  without  interruption, 
particularly  important  in  the  measurement  of  thixotropic 
materials. 

Kostenbauder  and  Martin  (169)  used  a  Stormer  rotational 
viscometer  with  a  modified  cup  and  bob  to  measure  the 
rheological  properties  of  several  semisolid  preparations. 
Meyer  and  Cohen  (170)  used  the  Brookfield  Viscometer  to 
determine  flow  plots  for  several  natural  and  synthetic 
polymer  solutions,  including  0.2%  solutions  of  Carbopol   934. 
These  carboxy  vinyl  polymer  solutions  were  determined  to 
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exhibit  plastic  flow  properties,  while  the  others  studied, 
all  natural  gums,  showed  pseudoplastic  flow  characteris- 
tics.  Wolff  and  Meyer  (161)  ,  also  using  the  Brookfield 
instrument,  confirmed  these  findings  for  other  Carbopol 
polymers,  stating  that  they  are  found  to  be  unique  in  the 
field  of  natural  and  synthetic  polymers  in  their  ability 
to  develop  plastic  rheological  behavior  and  yield  value  in 
water  solutions. 

Marriott  (171)  discusses  the  use  of  rotational 
viscometers,  specifically  the  Brookfield  instrument,  in 
determining  the  rheological  properties  of  various  cosmetic 
preparations,  and  indicates  that  a  water  dispersion  of  a 
substance  such  as  Carbopol   becomes  liquid  on  the  applica- 
tion of  a  very  small  stress,  then  returning  to  a  rigid 
state  when  the  stress  is  removed,  that  is,  displays 
thixotropic  characteristics. 

Araujo  (172)  used  a  Stormer  viscometer,  in  which  the 
cup  was  replaced  by  a  100-ml  glass  beaker  already  containing 
the  sample  and  the  bob  was  replaced  by  a  star-shaped  rotor, 
to  study  the  thixotrophy  of  bentonite  magmas  of  different 
concentrations . 

Barry  and  Meyer  (173)  ,  using  a  Ferranti-Shirley  cone 
and  plate  rotational  viscometer,  studied  fifteen  gels 
prepared  by  neutralizing  aqueous  solutions  of  carboxypoly- 
methylene  940  or  941  (Carbopol  )  with  triethanolamine. 
Such  gels  did  not  exhibit  time-dependent  behavior 
(thixotropic  character)  on  shearing. 
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Applications  to  Ophthalmic  Preparations 

Eriksen  (174)  discusses  the  role  of  viscosity  in 
ophthalmic  preparations,  stating  that  if  all  other  facts 
are  equal,  thicker  products,  in  general,  stay  in  the  eye 
longer  and  produce  greater  penetration.   There  are  limits 
to  this  concept,  however;  for  example,  the  continued 
increase  of  viscosity  of  methylcellulose  solutions  produces 
diminishing  returns.   He  indicates  that  the  increase  of 
viscosity  beyond  10  cps  produces  little  significant  improve- 
ment in  penetration,  but  decreased  mixing  and  irregular 
optical  surfaces  produce  visual  disturbances. 

Kostenbauder  and  Martin  (16  9)  studied  the  rheological 
changes  in  petrolatum-based  ointments  due  to  various 
additives  and  proposed  a  classification  method  according 
to  relative  hardness  and  stiffness.   Three  classes  were 
designated.   Class  I  consists  of  ophthalmic  ointments, 
which  are  the  softest  type,  generally  petrolatum  containing 
20-30%  mineral  oil.   Class  II  consists  of  the  common 
medicated  ointments,  and  Class  III  of  the  protective 
ointments,  which  are  hard  and  stiff  enough  to  remain  in 
place  even  when  applied  to  moist,  ulcerated  areas. 

The  closeness  of  the  eyeball  to  the  eyelids  exposes 
a  non-Newtonian  material  to  considerable  shearing  stress 
during  the  normal  process  of  blinking,  and  can  result 
in  shear-thinning  with  resultant  changes  in  drug  availa- 
bility from  the  preparation.   Sieg  and  Robinson  (175) 
studied  the  effects  of  shear  on  the  release  of  pilocarpine 


67 


from  ophthalmic  ointments.   They  found  that  good  correla- 
tion between  in  vivo  and  in  vitro  test  results  could  be 
obtained  only  if  the  contribution  of  shear  to  the  release 
rate  of  the  drug  was  considered.   Controlled  mechanical 
shearing  was  used  in  the  in  vitro  tests  and  produced 
results  which  showed  acceptable  drug  release  for  prepara- 
tions which  would  have  been  rejected  on  the  basis  of  simple 
standard  partition-diffusion  methods. 

Recent  interest  in  aqueous  CarbopolR  gels  for 
ophthalmic  use  has  resulted  in  the  preparation  and  testing 
of  several  medicated  gels.   Schoenwald   et  al.  (176) ,  studied 
a  series  of  carbomer  gels  containing  pilocarpine,  indicating 
that  these  gels  exhibited  plastic  flow  characteristics 
and  definite  yield  values.   Results  of  in  vivo  tests  using 
rabbits  showed  that  increased  miosis  duration  was  obtained 
by  gels  containing  2.7-3.0%  carbomer,  and  that  some  degree 
of  controlled  release  of  drug  from  these  gels  was  evident. 
The  control  is  attributed  to  either  diffusion  within  the 
gel  structure  or  slow  erosion  of  the  gel  surface  with  time 
in  the  eye.   Shear-facilitated  release  is  also  a  factor,  in 
that  the  increased  duration  was  a  consequence  of  the  gel's 
increased  yield  value  such  that  appreciable  in  vivo  thinning 
of  the  gel  does  not  take  place  with  eyelid  and  eyeball 
movement . 

Schoenwald  and  Boltralik  (177)  compared  the  relative 
bioavailability  of  prednisolone  sodium  phosphate,  1%,  and 
prednisolone  acetate,  1%,  from  aqueous  suspension  or 
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solution,  and  from  aqueous  CarbopolR  94  0  gel  or  gel 
suspension.   It  has  been  mentioned  previously  that  increased 
viscosity,  within  limits,  prolongs  contact  of  drug  with 
the  eye  and  a  lowering  of  surface  tension  improves  mixing 
with  the  precorneal  tear  film.   The  results  of  the  experi- 
ments showed  that  significant  quantities  of  gel  were  observed 
in  the  rabbit  conjunctival  sacs  through  8  hrs.,  and  that 
the  gel  quantity  slowly  diminished  over  time,  probably  partly 
as  a  result  of  diffusion  and  partly  by  surface  erosion. 
A  significant  increase  in  the  bioavailability  of  both  the 
soluble  and  the  practically  insoluble  steroids  was  observed 
with  the  gel  dosage  form,  making  it  possible  to  reduce  the 
concentration  of  the  drug  in  the  gel  and  still  maintain 
a  maximal  therapeutic  effect. 

Giroux  and  Schrenzel  (178)  studied  ocular  and 
percutaneous  tolerances  of  jellies  made  with  Carbopol  934 
and  Carbopol  940  to  which  various  drugs  were  added, 
including  atropine.   Results  indicated  that  gels  made  with 
Carbopol  940  were  preferred  and  that  the  neutralizing  agent 
played  a  part  in  the  absorption  of  the  drugs.   Correlations 
of  absorbance  and  viscosity  variations  were  not  always 
possible. 


CHAPTER  III 
EXPERIMENTAL  METHODS 


Materials 

Chemicals  used  in  the  preparation  of  ointment  bases 
for  these  studies  are  listed  in  Table  1  and  were  selected 
as  a  result  of  previous  work.   Additional  materials  and 
chemicals  are  listed  in  Table  2.   All  chemicals  conform 
to  U.S. P.  or  N.F.  standards  unless  otherwise  specified. 


Equipment 

The  specialized  equipment  and  apparatus  employed  are 
listed  in  Table  3.   Other  equipment  not  indicated  and 
glassware  used  were  of  good  quality  and  conventional 
design  congruent  with  accepted  research  standards. 


Ointment  Base  Composition  and  Methods  of  Preparation 

The  percent  (w/w)  composition  of  the  ointment  bases 
and  methods  of  preparation  used  are  listed  in  Table  4. 
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Referenced  methods  of  preparation  are  detailed  below. 
Quantities  of  approximately  1  kg  each  were  produced  for 
use  as  needed.   Lightnin'   mixers   were  used  for  con- 
trolled stirring,  employing  stainless  steel  or  TeflonR- 
coated  stirrers.    All  preparations  were  made  and  stored 
in  covered  glass  containers. 


Method  A.   The  matrix  polymer  was  added  to 
the  liquid  vehicles  with  stirring  at  medium  speed 
and  at  room  temperature  (22°C)  slowly  by  sprink- 
ling powder  on  surface  of  liquid;  stirring  was 
continued  for  3-4  hours  until  a  homogeneous 
dispersion  resulted.   The  dispersion  was  then 
heated  to  85-95°C  on  a  water  bath  and  neutralized 
with  the  appropriate  amine  to  yield  a  viscous 
organogel  semi-solid  base. 


Method  B.   The  liquid  vehicles  and  matrix 
polymer  solids  were  combined  in  a  2000-ml  glass 
container  with  stirring  at  medium  speeds  and 
heated  to  65°  on  a  water  bath,  maintaining  that 
temperature  until  a  homogeneous  mixture  was 
obtained.   The  heat  was  then  removed  and  the 
mixture  allowed  to  cool  with  continued  stirring 
until  it  congealed  or  thickened. 


Method  C.   The  liquid  vehicle  was  placed 
in  a  2000-ml  beaker  and  heated  to  90°  on  a 
water  bath  while  stirred  at  a  medium  speed. 
Micronized  silica  was  added  by  slowly  sprink- 
ling the  powder  on  the  surface  of  the  mixing 
liquid  resulting  in  a  homogeneous  dispersion, 
With  continued  mixing,  stearyl  alcohol  was 
added,  producing  a  viscous  organogel  semi-solid 
base. 


Lightnin'   is  a  registered  trademark  of  Mixing  Equipment 
Co.,  Inc.,  Rochester,  N.Y. 

b      R 
Teflon   is  a  registered  trademark  of  E.I.  du  Pont  de 

Nemours  and  Co.,  Inc.,  Wilmington,  Del. 
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Microorganisms 

Microorganisms  employed  are  listed  in  Table  5  and 
are  derived  from  the  American  Type  Culture  Collection 
(ATCC  ) .   Pure  cultures  were  maintained  by  standard 
periodic  plating  and  subculturing  techniques  at  approxi- 
mately three  month  intervals.   Capped  stock  slants  of 
inoculated  media  were  stored  at  2-8°. 


Test  Animals  and  Examination  Facilities 

Healthy,  adult  New  Zealand  White  (N.Z.W.)  albino 
rabbits   (Oryctolaqus  cuniculus)  of  mixed  sexes  or  of 
specified  sex  were  used.   Housing  for  those  animals 
accepted  for  testing  purposes  was  in  single-occupancy 
cages  in  rooms  of  controlled  temperature  and  light  level, 
and  low  noise  level.   Each  animal  was  allowed  unrestricted 
food  and  water.   Routine  care  was  provided  by  personnel 
of  Animal  Resources  Department.   On-call  veterinary 
services  were  available  for  consultation. 

Each  animal  was  given  an  ophthalmic  pre-examination 
before  admission  to  the  testing  program,  accepting  only 
those  which  exhibited  no  evidence  of  corneal  opacity, 


Supplied  by  Blueberry  Hill  Rabbit  Farm  through  cooperation 
with  the  Animal  Resources  Department,  J.  Hillis  Miller 
Health  Center,  University  of  Florida,  Gainesville,  Florida. 
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iritis,  conjunctivitis,  or  any  sign  of  general  anterior 
segment  irritation,  infection,  or  injury.   A  ten-day 
quarantine  prior  to  preliminary  examination  was  observed 
in  all  cases  to  aid  in  assuring  that  only  healthy  animals 
were  admitted. 

Routine  ophthalmic  examinations  were  conducted  in  a 
closed  room  with  filtered  air  and  constant  light  level. 
Slit-lamp  examinations  were  performed  in  a  darkened  room, 
using  sodium  fluorescein.   Animals  being  examined  were 
placed  on  stainless  steel  tables  which  had  been  washed 
with  antiseptic  solution  or  contained  in  stainless  steel 
restraining  cages. 

Each  rabbit  eye  represented  a  separate  area  for 
treatment  and  was  designated  as  an  eye  sample;  each 
animal,  then,  represented  two  eye  samples  for  evaluation 
purposes. 

In  conducting  the  biological  studies  described  in 
this  work,  the  investigator  adhered  to  the  principles 
stated  in  the  "Guide  for  Laboratory  Animal  Facilities 
and  Care,"  as  promulgated  by  the  Committee  on  the  Guide 
for  Laboratory  Animal  Resources,  National  Academy  of 
Sciences  -  National  Research  Council. 

At  the  conclusion  of  each  section  of  experimental 
study  each  animal  was  given  an  overdose  of  barbiturate, 
either  pentobarbital  sodium  or  thiopental  sodium,  by 
direct  intravenous  injection.   This  method  of  euthanasia 
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was  effective  and  humane.   Eyes  which  provided  cross- 
section  samples  were  then  immediately  removed  and 
processed. 


Photomicrography 

Photomicrographs  presented  in  this  project  were 
made  using  a  single-lens  reflex  135-mm  camera  attached 
to  a  compound  microscope  by  special  adapter.   Kohler 
illumination  with  blue  filter  was  used  with  a  boiled- 
water  heat  sink  to  prevent  melting  of  ointment  samples 
on  prolonged  exposure  periods.   Black-and-white  ASA  400 
film  was  exposed  in  conjunction  with  rotating  polarizers 
Magnification  is  noted  on  each  illustration  (179,180). 


Preliminary  Studies 

Recent  research  (181-184)  has  resulted  in  the 
development  of  several  ointment  bases  which  exhibit 
acceptable  chemical  and  physical  characteristics  for 
possible  ophthalmic  use.   The  principal  reason  for  their 
development  was  to  provide  a  dimercaprol  ophthalmic 
ointment  which  possessed  improved  characteristics  of 
stability  and  effectiveness  compared  to  previous 
preparations. 
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A  portion  of  this  research  dealt  with  the  evalua- 
tion by  this  author  of  four  selected  bases  and  their 
corresponding  dimercaprol  ointments  for  irritation 
potential  and  biological  effectiveness  against  the  toxic 
effects  of  exposure  to  lewisite  and  mustard  gas.   The 
investigation  concerning  eye  irritation  potential  in 
rabbits  is  presented  in  the  following  pages  in  summary 
form  to  provide  background  information  useful  in  the 
evaluation  of  a  later  bioavailability  study  using  atropine 
sulfate.   A  complete  description  of  methods  of  sample 
preparation,  materials,  and  data  concerning  the  effective- 
ness of  these  ointments  against  lewisite  and  mustard  gas 
exposure  can  be  found  in  the  original  report  (185) . 

Test  Preparations 

Four  test  bases  were  used  in  this  investigation  and 
were  designated  as  bases  E-3,  E-4,  and  E-5,  each  of  which 
is  water-soluble,  and  base  M-13N,  an  oleaginous  prepara- 
tion.  Their  composition  and  method  of  preparation  have 
been  described. 

Previously  referenced  studies  have  recommended  the 
use  of  ethylene  glycol  as  a  standard  vehicle  for 
dimercaprol  ophthalmic  studies.   Its  use  in  this  work 
allows  comparison  with  previous  reports,  though  ethylene 
glycol  is  not  a  common  ophthalmic  vehicle. 

Test  ointments  containing  5%  (w/w)  dimercaprol  were 
prepared  from  each  base  E-3,  E-4,  E-5  and  M-13N,  by 
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mixing  under  nitrogen  until  a  homogeneous  product  was 
obtained.   Test  sample  standards  of  ethylene  glycol 
containing  5%  (w/w)  dimercaprol  were  used. 

To  provide  for  acceptable  comparative  data,  a 
standardized  quantity  of  sample  was  instilled  by  means  of 
unit-dose  packaging.   A  test  dose  consisted  of  0.1  ml  of 
sample  base  or  ointment  contained  in  a  0.5-ml  sterile, 
disposable,  glass  syringe  without  needle,  filled  under 
nitrogen  and  stored  at  -20°  until  use.   Four  empty  syringes 
were  included  as  controls  for  irritation  which  might 
result  from  mechanical  manipulations,  and  four  sample 
syringes  containing  a  commercially  available,  sterile, 
non-medicated  bland  petrolatum  ophthalmic  ointmenta  were 
used  for  the  purpose  of  establishing  baseline  data. 
Cultures  of  representative  samples  of  each  preparation, 
excluding  the  commercial  standard  petrolatum  product,  in 
Fluid  Thioglycollate  Medium  were  incubated  at  32°  for 
14  days  and  showed  no  growth. 

Sample  syringes  were  filled  in  batch  lots  over  a 
period  of  two  days,  consisting  of  eleven  lots  for  a  total 
of  two  hundred  eighty-eight  test  doses,  excluding  the 
four  syringes  containing  the  petrolatum  commercial  standard. 
Each  batch  lot  was  divided  evenly  into  two  groups 
designated  for  use  in  either  the  right  or  left  eyes  of 


Supplied  as  Lacri-Lube  Sterile  Ophthalmic  Ointment,  Lot 
No.  U2387.   Allergan  Pharmaceuticals,  Irvine,  CA.   Compo- 
sition:  White  petrolatu,  mineral  oil,  monoionic  lanolin 
derivatives,  and  chlorobutanol ,  0.5%,  as  a  preservative. 
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the  test  animals.   Each  sample  syringe  was  randomly 
assigned  a  code  number  indicating  that  the  test  dose  was 
to  be  used  in  either  the  right  (R)  or  left  (L)  eye  and 
establishing  a  serial  position  for  use  by  a  number  from 
001  to  288  selected  by  accepted  methods  from  a  random 
number  table.   Syringes  were  used  in  the  coded  numerical 
order  in  the  eye  indicated  throughout  the  study.   The 
relationship  between  the  coded  sample  and  syringe  contents 
was  listed  at  the  time  of  assignment  and  not  reestablished 
until  the  study  was  completed.   The  four  syringes  con- 
taining the  petrolatum  commercial  standard  were  adminis- 
tered independently  and  the  results  separated  from  those 
of  the  other  test  doses. 

Scale  of  Evaluation  of  Ophthalmic  Irritation  Potential 

The  scale  of  evaluation  used  was  the  Draize  Scale  of 
Evaluation  modified  to  include  a  subsection  concerning 
corneal  surface  epithelium  involvement.   The  maximum  total 
score  is  120,  corresponding  with  the  most  severe  irrita- 
tion reaction  possible.   The  modified  scale  is  presented 
in  Table  6. 

Test  Animals  for  Irritation  Study 

Healthy,  adult  New  Zealand  White  (N.Z.W.)  albino 
rabbits  of  mixed  sexes  were  used.   The  weights  of  the 
animals  varied  from  1.5  to  2.5  Kg  (3.3  to  5.5  lbs). 
Supply  and  housing  for  those  animals  accepted  for  testing 
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Table  6.    Scale  of  Evaluation  of  Ophthalmic  Irritation 

(Modified  from  Draize  Test) 

I.    CORNEA: 

A.  Opacity:   Degree  of  density.   (When  one  area  is 
more  dense  than  another,  the  reading  is  taken 
as  that  of  the  most  dense  area.) 

0  =  No  visible  pathology. 

1  =  Scattered  or  diffuse  area.   Details  of  iris 

clearly  visible. 

2  =  Easily  discernible  translucent  areas. 

Details  of  iris  slightly  obscure. 

3  =  Opalescent  areas.   No  details  of  iris  visible 

but  size  of  pupil  barely  discernible. 

4  =  Opaque.   Iris  invisible. 

B.  Area  of  Cornea  Involved: 

1  =  1/4  (or  less)  other  than  0. 

2  =  Greater  than  1/4  and  less  than  1/2. 

3  =  Greater  than  1/2  and  less  than  3/4. 

4  =  Greater  than  3/4  up  to  and  including  whole 

area. 

C.  Surface  Epithelium  Involvement: 

0  =  No  detectable  physical  damage  to  surface 

epithelium. 
10  =  Epithelial  sloughing.   Physical  damage  evident. 

TOTAL  SCORE:   (AxBx5)  +C=  Maximum  of  90  points. 

II.    IRIS: 

A.    Values: 

1  =  Folds  above  normal;  congestion,  swelling, 

circumcorneal  injection.   (Any  one,  or  all 
of  these,  or  combination  of  any  thereof.) 
Iris  reacts  to  light.   A  sluggish  reaction 
is  still  counted  as  a  positive  reaction. 

2  =  No  reaction  to  light;  hemorrhage;  gross 

destruction.   (Any  of  these,  or  all,  or  any 
combination  thereof.) 

TOTAL  SCORE:   A  x  5  =  Maximum  of  10  points. 
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Table  6   (Continued) 


III, 


CONJUNCTIVAE: 


A.  Redness;   Refers  to  palpebral  conjunctivae  only. 

1  =  Vessels  definitely  injected  above  normal. 

2  =  More  diffuse,  deeper  crimson  red.   Individual 

vessels  not  easily  visible. 

3  =  Diffuse,  beefy  red,  similar  to  positive 

control  eyes.   (Locality  of  redness  must  be 
noted,  but  not  scored.) 

B.  Chemosis;   (Swelling  of  conjunctiva  about  the 

cornea. ) 

1  =  Any  swelling  above  normal  (includes  nictitating 

membrane) . 

2  =  Obvious  swelling  with  partial  eversion  of 

the  lids. 

3  =  Swelling  with  eyelids  about  half  closed. 

4  =  Swelling  with  eyelids  from  one-half  closed 

to  fully  closed. 

C.  Discharge: 

1  =  Any  amount  different  from  normal  (does  not 

include  the  tiny  amount  observed  in  the 
innercanthus  (the  angle  at  either  end  of 
the  slit  between  the  eyelids)  of  normal 
animals) . 

2  =  Discharge  with  moistening  of  the  lids  and 

hair  just  adjacent  to  the  lids. 

3  =  Discharge  with  moistening  of  the  hair  and 

considerable  area  around  the  eye. 

TOTAL  SCORE:   (A  +  B  +  C)  x  2  =  Maximum  of  20  points. 


IV.    ASSOCIATED  CHANGES: 

Changes  in  the  eye  due  to  irritation  such  as  the 
following  are  to  be  noted  as  comments,  but  not  graded: 

Proptosis:   A  bulging  of  the  eye  ball. 

Hypopyon :   An  accumulation  of  pus  in  the  anterior 

chamber  of  the  eye  in  front  of  the  iris  but 
behind  the  cornea,  seen  in  corneal  ulcer. 

Keratitis :  Any  inflammation  of  the  cornea,  exclusive 
of  that  included  in  the  grading  system. 
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Table  6   (Continued) 


IV.    ASSOCIATED  CHANGES:   (Continued) 

Mitosis:   Constriction  of  the  pupil. 
Mydriasis:   Dilation  of  the  pupil. 

Conjunctival  Changes:   Palpebral  changes  are  included 

in  the  grading  (covering  under 
the  surface  of  lids) ;  Bulbar 
changes  (coating  the  anterior 
portion  of  the  eyeball) ;  Fornix 
changes  (transition  portion 
forming  fold  between  lid  and 
globe) . 
Pannus:   Newly  formed  vascular  tissue  involving  the 
upper  half  of  the  front  of  the  cornea.   The 
area  is  cloudy,  and  its  surface  is  uneven 
as  it  is  covered  with  a  film  of  new  capillary 
blood  vessels.   May  cover  entire  cornea.   Seen 
in  some  cases  due  to  irritation. 


MAXIMUM  TOTAL  SCORE  IS  EITHER  THE  MAXIMUM  FOR  ANY  ONE 

SECTION  CONSIDERED  WITH  A  SIMILAR  SECTION  FROM  ANOTHER  TEST, 

OR  THE  SUM  OF  THE  SCORES  OBTAINED  FOR  THE  CORNEA,  IRIS, 

AND  CONJUNCTIVAE.   THEREFORE:   90  +  10  +  20  =  120. 


Influence  of:   CORNEA         75.00% 

IRIS  8.35% 

CONJUNCTIVAE    16.65% 
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purposes  were  as  previously  described.   An  additional 
four-day  quarantine  period  prior  to  instillation  of  a 
test  sample  was  observed  in  all  cases.   Each  animal  was 
numbered  serially  upon  admission  as  a  test  subject. 

Testing  Procedure 

Routine  ophthalmic  examinations  were  done  using  an 
ophthalmoscope,  examination  light,  optical  glass  binocular 
magnifier,  and  hand-held  clear  or  cobalt  slit  lamps. 
Fluoroscein  test  strips  were  used  for  corneal  staining 
to  outline  irregularities  of  the  corneal  surface.   Each 
animal  was  confined  in  a  restraining  cage  for  the  length 
of  the  examination. 

The  examining  room  was  sealed,  with  incoming  air 
filtered  and  a  constant  light  level  maintained  during 
determinations.   Floors,  walls,  and  counter  surfaces 
were  washed  with  an  antiseptic  detergent  solution  to 
eliminate  air-borne  contamination  as  much  as  possible. 

A  pre-test  examination  of  each  animal  was  done  prior 
to  accepting  it  for  use.   These  examinations  included  a 
preliminary  ophthalmic  examination,  the  results  of  which 
were  entered  on  the  grading  sheet  for  that  eye  sample. 
For  purposes  of  this  study,  each  eye  was  considered  as 
a  separate  eye  sample;  thus,  one  animal  provided  two  eye 
samples.   Each  eye  was  examined  for  evidence  of  infection, 
mucous  discharge,  excessive  lacrimation,  conjunctival  and 
sceral  redness,  corneal  aberrations,  and  signs  of  iritis. 
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Sample  syringes  to  be  used  in  any  specific  test 
were  removed  in  numerical  order  from  the  storage  freezer 
and  allowed  to  come  to  room  temperature  before  use.   A 
period  of  approximately  thirty  minutes  was  found  to  be 
satisfactory  for  this  purpose. 

The  test  material  was  instilled  directly  into  the 
lower  conjunctival  pouch  by  slightly  pulling  the  lower 
eyelid  away  from  the  eyeball.   Manual  manipulation  of  the 
closed  eyelids  for  approximately  fifteen  seconds  after 
instillation,  in  conjunction  with  the  normal  "blink 
reflex"  of  the  animal,  resulted  in  the  uniform  coverage 
of  the  ocular  surface  by  the  test  material.   Local  or 
general  anesthesia  was  unnecessary  for  this  procedure 
as  any  discomfort  to  the  animal  appeared  to  be  negligible 
and  largely  associated  with  mechanical  manipulations 
during  instillation. 

The  initial  instillation  represented  the  only 
exposure  of  the  animal  to  the  test  material;  repeated 
applications  were  not  made.   Direct  application  of  the 
test  material  to  the  upper  third  of  the  corneal  surface 
was  attempted  in  several  initial  trials  and  was  found 
to  be  ineffective  due  to  the  nature  of  the  materials 
tested;  it  was  felt  that  such  a  procedure  would  lead  to 
erroneous  results.   No  extraneous  washing  of  the  eye 
was  used. 

Empty  sample  syringes  served  as  negative  controls. 
Instillation  using  these  controls  included  the  mechanical 
manipulations  used  in  the  routine  instillation  process. 
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Each  eye  in  two  rabbits  was  instilled  with  0.1  ml 
of  the  sterile  commercial  petrolatum  standard  ointment. 
Manual  movement  of  the  eyelids  provided  uniform  coverage 
of  the  ocular  surface.   Observations  of  ocular  reactions 
in  these  animals  were  done  at  periods  of  1  and  6  hours, 
and  1  and  2  days  after  instillation,  using  the  described 
scale  of  evaluation. 

Observations  of  ocular  reactions  resulting  from 
instillation  of  the  test  bases,  ointments,  or  negative 
controls  were  made  at  periods  of  1  and  6  hours,  and  1, 
2,  3,  7  and  14  days  after  instillation.   These  reactions 
were  recorded  based  on  the  scale  of  evaluation  described. 
Each  anatomical  section  of  the  anterior  segment  of  the 
eye  was  graded  based  on  its  relative  importance  in 
functional  vision  and  the  totals  reported  as  summation 
totals  of  all  components.   The  test  results  were  analyzed 
statistically  using  the  Krushall-Wallis  test  method. 


Sterilization  and  Sterility  Assurance  Tests 

Ophthalmic  ointments  are  required  to  be  sterile 
when  prepared.   Sterility  may  be  attained  by  one  of  several 
methods,  including  the  use  of  moist  heat,  dry  heat, 
bacterial  filtration,  and  antimicrobial  agents  or  pre- 
servatives.  The  purpose  of  this  investigation  was  to 
determine  a  suitable  method  for  sterilization  of  bases  E-3 
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and  E-4  using  a  standardized  suspension  of  heat-resistant 
spores  as  a  biological  indicator  of  the  effectiveness 
of  each  method.   The  following  study  describes  experimental 
work  using  moist  heat,  dry  heat  and  bacterial  filtration 
methods.   Work  involving  the  use  of  preservatives  is 
presented  in  a  later  section  and  uses  different  microbial 
indicators  for  monitoring  each  chemical  or  combination 
of  chemicals. 

Preparation  and  Standardization  of  Heat-Resistant  Spore 
Suspension  of  Bacillus  stearothermophilus 

Culture  Characteristics  of  B.  stearothermophilus .   A 
stock  culture  of  Bacillus  stearothermophilus ,  ATCC  12980, 
was  purchased  as  a  freeze-dried  preparation  from  the 
American  Type  Culture  Collection,  Baltimore,  Maryland, 
and  reconstituted  in  Tryptic  Soy  Broth  (TSB)  by  incubation 
at  60°  for  48-72  hours.   The  organism  was  maintained  on 
Nutrient  Agar  slants  by  inoculation  from  TSB  medium, 
incubation  at  60°  for  24  hours  and  storage  at  4-8°.   Stock 
slants  were  transferred  at  six-month  intervals,  but 
viability  of  the  organism  appeared  to  be  unaffected  at 
storage  periods  of  up  to  one  year. 

In  broth  culture,  growth  is  rapid,  producing  a  turbid 
medium  with  surface  scum  and  heavy  flocculent  deposit. 
In  agar  slant  culture,  effuse,  transparent,  spreading 
colonies  are  formed  with  membraneous  quality,  resisting 
emulsif ication  on  transfer  to  liquid  medium. 
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The  period  of  log  phase  growth  of  this  organism 
in  sterile  Tryptic  Soy  Broth  medium  was  determined 
turbidimetr ically . 

Sporulation  medium.   Preliminary  trials  with  several 
media  resulted  in  acceptable  spore  yields  from  the  use 
of  a  solid  medium  composed  of  sterile  Nutrient  Agar 
containing  5  ppm  manganese  in  the  form  of  manganese  sulfate, 
and  36.3  ppm  calcium  in  the  form  of  calcium  chloride. 
Large  yields  of  heat-resistant  spores  were  obtained 
repeatedly  using  this  medium.   The  final  pH  of  this 
medium  was  determined  to  be  6.65. 

Method  of  Spore  Production  and  Harvesting.   Sterile 
sporulation  medium  was  contained  in  Roux  bottles  specially 
prepared  for  this  purpose.   Twenty-five  463-ml,  clear, 
Type  NP  glass  prescription  bottles  were  cleaned  thoroughly. 
Each  bottle  was  then  filled  with  distilled  water  and 
autoclaved  at  121°,  15  psi,  for  30  minutes,  after  which 
the  water  was  discarded  and  the  bottles  allowed  to  cool. 
This  process  reduces  the  amount  of  alkalinity  leached 
from  the  glass  during  the  autoclaving  of  these  bottles 
containing  sporulation  medium. 

Each  bottle  was  filled  with  75  ml  of  Nutrient  Agar 
medium  containing  5  ppm  manganese  and  36.3  ppm  calcium 
and  stoppered  with  a  cotton  plug,  then  autoclaved  for 
20  minutes  at  121°,  15  psi,  slow  exhaust.   Immediately 
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after  autoclaving,  each  bottle  was  placed  on  its  flat 
side  and  the  agar  medium  allowed  to  congeal  in  that 
position.   A  large  surface  for  growth  and  sufficient  air 
exchange  with  inhibited  moisture  loss  was  then  obtained. 
Medium  so  prepared  withstood  4  to  5  days  of  incubation 
at  60°  without  appreciable  loss  of  moisture. 

Each  bottle  was  inoculated  with  0.5  ml  of  log  phase 
culture  of  B.  stearothermophilus  in  Tryptic  Soy  Broth. 
The  inoculum  was  aseptically  spread  over  the  agar  surface 
using  a  glass  spreader  and  the  bottle  allowed  to  rest 
for  20  minutes  before  inversion  and  incubation  at  60°. 
Microscopic  examination  of  representative  Roux  bottle 
cultures  indicated  that  spore  formation  and  release  was 
essentially  complete  after  an  incubation  period  of  4  days. 

The  surface  growth  in  each  bottle  was  aseptically 
harvested  at  the  end  of  a  4-day  incubation  period  using 
two  2.5-ml  quantities  of  sterile  distilled  water,  removing 
the  growth  by  scrubbing  the  surface  with  a  sterile  glass 
rod  and  collecting  the  resultant  turbid  suspension 
consisting  of  spores,  cells  and  debris  in  a  sterile 
12-ml  syringe.   The  collected  suspensions  were  aseptically 
combined  in  three  sterile  50-ml  glass-stoppered  graduated 
conical  centrifuge  tubes  maintained  at  a  low  temperature 
in  an  ice  bath. 

The  combined  suspensions  were  centrifuged  at 
900  x  g  for  30  minutes.   Microscopic  examination  of  the 
supernate  indicated  suspended  cellular  debris  only;  the 
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supernatant  layer  was  carefully  separated  and  discarded 
in  each  tube.   The  remaining  sediment  was  resuspended  in 
20  ml  of  cold  sterile  distilled  water  and  centrifuged  a 
second  time,  discarding  the  supernate,  and  repeating  the 
procedure  for  a  third  washing.   The  final  sediments 
appeared  translucent  and  colorless  with  a  very  fine  layer 
of  pinkish  to  light-brown  material  on  top;  the  sediment 
was  loosely  packed. 

These  individual  washed  sediments  were  resuspended 
in  15  ml  of  cold  sterile  distilled  water  and  aseptically 
combined  in  a  single  sterile  50-ml  centrifuge  tube, 
centrifuged  at  900  x  g  for  30  minutes  and  the  supernate 
discarded.   The  packed  spores  were  resuspended  in  sufficient 
cold  sterile  distilled  water  to  produce  200  ml  of  a  spore 
suspension,  which  was  stored  in  a  sterile  screw-capped 
Type  I  glass  bottle  containing  approximately  8  gm  of 
3-mm  glass  beads,  and  stored  at  3°  until  standardized. 
Preliminary  trials  indicated  that  such  a  preparation 
maintained  its  viability  and  heat-resistance  for  at  least 
6  months.   These  suspensions  were  used  within  2  weeks  of 
their  preparation  for  sterility  studies,  and  maintained 
a  viable  count  of  approximately  2.1  x  105  colony-forming 
units  (CFU)  per  milliliter  by  accepted  plate  counting 
methods. 

Standardization  of  Heat-Resistant  Spore  Suspensions 
of  B.  stearothermophilus.   A  thermostatically-controlled 
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oil  bath  was  constructed  which  provided  a  constant 
temperature  environment  for  exposure  of  spore  suspensions 
for  various  times.   Approximately  12  liters  of  heavy  min- 
eral oil  was  contained  in  a  large  PyrexR  glass  battery 
jar  surrounded  by  3-cm-thick  cotton  insulation.   Heat 
was  supplied  by  a  hot  plate  controlled  by  an  immersed 
adjustable  mercury  thermostat  calibrated  at  121.0°. 
Constant  circulation  of  the  oil  bath  was  provided  by  an 
impeller  mixer.   A  wire  screen  rack  was  constructed  so 
that  2-ml  ampuls  were  provided  with  adequate  circulation 
between  them  upon  immersion  in  the  bath.   Bath  temperature 
was  controlled  for  a  rack  capacity  of  up  to  ten  ampuls 
at  121°  ±  0.5°. 

Spore  suspensions  of  B.  stearothermophilus  to  be 
used  as  biological  indicators  for  sterility  assurance 
tests  were  standardized  on  a  batch  basis,  where  a  batch 
constituted  the  collective  harvest  of  washed  spores  from 
twenty-five  Roux  bottles.   Preliminary  trials  had 
indicated  that  a  suspension  of  spores  prepared  as  pre- 
viously described  and  adjusted  to  a  concentration  of 
approximately  2.1  x  10   spores  per  milliliter  would 
survive  exposure  to  a  temperature  of  121°  for  5  minutes 
and  would  be  killed  at  the  same  temperature  after  about 
15  minutes  exposure.   Plate  counts  of  survivors  after 
exposure  of  varying  amounts  of  time  showed  that  a  recovery 
medium  of  Tryptic  Soy  Agar  containing  0.1%  (w/w)  soluble 
starch  was  acceptable  for  reproducible  growth  of  heat- 
damaged  spores. 
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For  each  batch  of  spore  suspension,  fifteen  2 -ml 
sterile  ampuls  were  filled  with  2  ml  each  of  the  agitated 
spore  suspension,  heat-sealed  and  stored  at  3°.   Similar 
ampuls  for  use  as  positive  controls,  containing  spore 
suspension  unexposed  to  the  test  temperature,  and  negative 
controls,  containing  sterile  distilled  water,  were  also 
prepared. 

Prior  to  the  test,  each  ampul  sample  was  allowed  to 
stand  at  room  temperature  for  5  minutes  before  use.   Each 
sample  was  then  immersed  in  the  oil  bath  at  121.0°  for 
a  specified  length  of  time,  varying  from  0  to  15.0  minutes. 
Times  were  recorded  by  stopwatch.   At  the  end  of  the 
exposure  period,  the  ampul  was  removed  and  immediately 
plunged  into  an  ice  bath  to  cool.   Upon  cooling,  the 
sample  was  removed  from  the  ice  bath,  shaken  and  aseptically 
opened.   A  1-ml  aliquot  of  the  contents  was  aseptically 
removed  and  10-fold  serial  dilutions  were  made  as 
necessary  for  accurate  plate  counts.   Each  dilution  was 
thoroughly  mixed  and  a  0 . 1-ml  aliquot  plated  on  Tryptic 
Soy  Agar  containing  0.1  (w/v)  soluble  starch,  which  was 
then  incubated  at  60°  for  17  to  24  hours  after  which  plate 
counts  were  made.   Longer  incubation  times  provided  no 
change  in  counts  and  substantially  dehydrated  the  media. 

Resulting  survivor  counts  were  plotted  as  logarithms 
of  survivors  versus  exposure  time,  yielding  a  survivor 
curve  from  which  an  approximate  decimal  reduction  value, 
or  "D-value,"  could  be  obtained  for  comparison  purposes, 
batch  to  batch. 
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Methods  of  Sterilization  and  Sterility  Testing  of  Ointment 
Bases  E-3  and  E-4 

Media.   Media  used  to  recover  spores  of 
B.  stearothermophilus  which  survive  in  the  following 
sterilization  procedures  and  to  detect  the  presence  of 
other  microorganisms  in  the  unsterilized  and  sterilized 
samples  of  ointments  are  described. 

Bacto-Fluid  Thioglycollate  Medium  (DIFCO)  conforms 
to  the  formula  specified  by  U.S. P.  XX  (186)  recommended 
as  a  liquid  medium  for  the  cultivation  of  aerobic  and 
anaerobic  microorganisms.   Bacto-Tryptic  Soy  Broth  (DIFCO) 
conforms  to  the  formula  specified  by  U.S. P.  XX  (187)  for 
Soybean-Casein  Digest  Medium  and  is  recommended  as  a 
general  purpose  medium  for  the  cultivation  of  aerobic  or 
anaerobic  microorganisms. 

Surviving  spores  of  B.  stearothermophilus  were 
recovered  in  a  modified  Tryptic  Soy  Broth  medium  of  the 
following  composition  as  recommended  in  U.S. P.  XX  (188). 

TSB-L-T20  Medium 

Soy  lecithin  5  g 

' Polysorbate-20  40  g 

Bacto-Tryptic  Soy  Broth   q.s.  ad.   1000  ml 

Dissolve  soy  lecithin  in  900  ml  of  tryptic 
soy  broth,  heating  in  a  water  bath  at  48°  to 
50°  for  about  30  minutes  to  effect  solution. 
Add  40  ml  of  polysorbate-20  and  q.s.  to 
1000  ml  with  tryptic  soy  broth.   Dispense 
after  mixing  and  immediately  steam 
sterilize  at  121°  for  15  minutes,  slow 
exhaust.   Before  use,  medium  may  be  warmed 
to  40°  in  a  water  bath  to  facilitate 
mixing.   pH  approximately  6.95. 
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Growth  Promotion  Tests.   Each  medium  used  for 
sterility  testing  was  evaluated  for  its  growth-promoting 
qualities  in  the  following  manner. 

A  stock  suspension  of  B.  stearothermophilus  spores 

7 
containing  approximately  7  x  10   colony-forming  units  (CFU) 

per  milliliter  was  prepared,  and  ten  10-fold  serial  dilu- 
tions were  made.   Plate  counts  confirmed  the  concentration 
of  viable  spores  in  each  dilution. 

Duplicate  flasks  containing  100  ml  of  sterile 
TSB-L-T20  medium  were  inoculated  with  less  than  100  CFU 
of  B.  stearothermophilus  spores,  mixed,  and  incubated  for 
48  hours  at  60°.   Visual  inspection  of  evidence  of  growth 
was  made  and  reported  at  that  time. 

Duplicate  tubes  containing  10  ml  of  sterile  Tryptic 
Soy  Broth  Medium  were  similarly  inoculated,  mixed,  and 
incubated  at  60°  for  24  hours.   Visual  inspection  of 
evidence  of  growth  was  made  and  reported  at  that  time. 

Fluid  Thioglycollate  Medium  was  not  tested  for  growth- 
promoting  qualities  for  B.  stearothermophilus  spores 
because  preliminary  trials  indicated  a  low  recovery  rate. 
The  function  of  this  medium  in  the  following  sterility 
tests  was  primarily  to  monitor  extraneous  microorganism 
contamination  levels  of  sterilized  and  unsterilized  bases. 

The  test  media  was  satisfactory  if  evidence  of 
growth  appeared  within  the  incubation  period.   The  sterility 
of  each  batch  of  medium  was  confirmed  by  concurrent 
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inclusion  of  representative  uninoculated  controls  for 
each  medium,  at  the  temperature  and  for  the  length  of 
time  specified  for  each  test. 

Bacteriostasis  Effects  of  Test  Samples  on  Growth  of 
B.  stearothermophilus.   Prior  to  conducting  direct 
sterility  tests  on  the  sample  ointment  bases,  information 
concerning  the  possible  bacteriostatic  effect  of  the 
samples  on  the  germination  and  growth  of  B.  stearothermo- 
philus spores  was  obtained. 

Eight  250-ml  cotton-stoppered  Erylenmyer  flasks  each 
containing  a  magnetic  bar  and  100  ml  of  TSB-L-T20  Medium 
were  sterilized.   Six  of  these  flasks  were  inoculated  with 
1  ml  of  a  prepared  spore  suspension  of  B.  stearothermo- 
philus containing  approximately  1  x  106  CFU/ml;  the 
reamining  two  flasks  were  not  inoculated  and  served  as  a 
negative  control  for  medium  sterility.   Ten  grams  of 
freshly  prepared  Base  E-3  ointment  was  aseptically  trans- 
ferred into  each  of  two  of  the  inoculated  flasks  and 
thoroughly  mixed  until  completely  dispersed.   Similarly, 
10  g  of  base  E-4  ointment  was  mixed  with  the  contents  of 
each  of  two  remaining  inoculated  flasks.   All  containers 
were  incubated  at  60°  for  twenty-four  hours,  at  which 
time  1-ml  aliquots  were  subcultured  into  10  ml  of  sterile 
Tryptic  Soy  Broth  and  also  plated  using  12  ml  of  warmed 
sterile  Tryptic  Soy  Agar.   These  subcultures  were  incubated 
at  60°  for  24  to  48  hours  and  results  recorded  in  terms  of 
growth  or  no  growth. 
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Growth  of  the  test  organism  comparable  to  that  in 
the  control  flask  subculture  must  occur  in  the  test 
sample-containing  flask  subcultures  for  the  procedure 
to  be  acceptable. 

Sterility  Test  Procedure  for  Direct  Transfer  to 
Test  Media.   Immediately  following  exposure  of  a  50-g 
inoculated  ointment  sample  to  a  sterilization  procedure, 
30  g  of  the  sample  was  aseptically  removed  by  suction  into 
a  sterile  60-ml  syringe  and  10-g  aliquots  were  dispensed 
into  three  250-ml  cotton-stoppered  Erlenmyer  flasks  each 
containing  100  ml  of  sterile  TSB-L-T20  Medium  and  a  mag- 
netic stirring  bar.   The  contents  of  each  flask  were 
mixed  using  a  magnetic  stirrer  until  completely  dispersed 
or  solubilized,  usually  requiring  a  period  of  5  to 
10  minutes.   Appropriate  positive  and  negative  controls 
were  concurrently  included. 

From  each  flask,  a  1-ml  aliquot  was  transferred  to 
each  of  a  10-ml  tube  of  sterile  Fluid  Thioglycollate 
Medium  and  a  10-ml  tube  of  sterile  Tryptic  Soy  Broth. 
These  tubes  were  incubated  at  30°  to  32°  for  up  to  7  days 
and  visually  evaluated  for  evidence  of  growth.   A  1-ml 
aliquot  from  each  flask  was  aseptically  transferred  to 
individual  sterile  petri  dishes  to  which  was  added  12  ml 
of  sterile  Tryptic  Soy  Agar,  mixed  and  allowed  to  congeal. 
The  remaining  flask  contents  and  the  subcultured  plates 
were  recorded  as  evidence  of  growth  or  no  growth  at  the 
end  of  this  period. 
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Sterility  Test  Procedure  for  Membrane  Filtration.   A 
suitable  unit  for  sterile  filtration  testing  was  used, 
consisting  of  a  closed  reservoir  and  a  receptacle,  each 
of  approximately  200-ml  capacity,  between  which  a  properly 
supported  membrane  filter  of  appropriate  porosity  was 
placed.   The  filter  system  used  consisted  of  a  fiberglass 
pre-filter  and  a  47-mm  edge-hydrophobic  membrane  filter 
of  0.22  urn  porosity.   Samples  were  drawn  from  the 
receptacle  through  the  filter  and  into  the  reservoir  with 
aid  of  a  vacuum  created  by  a  hand-held  vacuum  pump. 

From  a  50-g  ointment  test  sample,  a  40-g  sample 
was  aseptically  removed  by  suction  into  a  sterile  60-ml 
syringe.   Ten  grams  of  this  sample  was  transferred  to 
each  of  four  sterile  50-ml  cotton-stoppered  serum  vials 
containing  20  ml  of  sterile  distilled  water  and  a  magnetic 
stirring  bar.   The  contents  of  each  vial  were  mixed  using 
a  magnetic  stirrer  until  compelte  solution  or  a  uniform 
dispersion  occurred.   One-milliliter  aliquots  of  the 
contents  of  each  vial  were  combined  aseptically  in  a 
separate  container  of  approximately  160  ml  of  sterile 
Tryptic  Soy  Broth  and  mixed  thoroughly.   This  mixture 
was  passed  through  the  filter  with  the  aid  of  vacuum. 


Sterif il  Aseptic  Filtration  System,  Millipore  Corp. , 
Bedford,  MA.   Product  No.  XXII  047  00. 

MF  -  Millipore  Filters,  Edge-Hydrophobic,  6  mm  rim, 
0.22  urn  pore  size,  Millipore  Corp.,  Bedford,  MA. 
Product  No.  GSEP  047  OW. 
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The  filter  was  rinsed  with  200  ml  of  a  sterile  rinsing 
solution  consisting  of  0.1%  (w/v)  peptic  digest  of  animal 
tissue  in  distilled  water. 

The  filter  was  removed  aseptically  from  the  holder, 
cut  in  half  using  a  sterile  filter  cuttera,  one-half  of 
the  membrane  was  immersed  in  100  ml  of  sterile  Tryptic 
Soy  Broth,  and  incubated  at  60°  for  2  4  to  4  8  hours. 
Similarly,  the  other  one-half  of  the  membrane  was  immersed 
in  100  ml  of  sterile  Fluid  Thioglycollate  Medium  and 
incubated  at  30°  to  32°  for  not  less  than  7  days. 
Appropriate  negative  and  positive  controls  were  used. 
Visual  evidence  of  growth  or  no  growth  in  the  test  samples 
was  reported. 

Dry-Heat  Sterilization  Method.   This  process  was 
carried  out  in  a  thermostatically-controlled  electric  oven 
utilizing  convective  heated-air  circulation  with  top 
exhaust.   To  minimize  uneven  heating  of  samples,  all  tests 
were  run  on  samples  placed  on  a  wire  rack  shelf  established 
at  a  consistent  level  within  the  oven.   Internal  oven 
temperature  was  monitored  by  a  top-mounted  mercury 
thermometer.   A  biological  indicator  was  employed  to  demon- 
strate the  effectiveness  of  the  sterilization  cycle. 


Sterile  Membrane  Cutter,  Millipore  Corp.,  Bedford,  MA. 
Product  No.  XX  2504762. 
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In  each  experimental  trial,  the  oven  was  pre-heated 
to  140°  and  was  allowed  to  stabilize  before  introduction 
of  the  test  samples.   Timing  of  exposure  periods  began 
upon  introduction  of  the  test  samples. 

Four  hundred  grams  of  base  E-3  ointment  was  freshly 
prepared  and  divided  by  weight  into  eight  50-g  samples 
contained  in  separate  100-ml  Pyrex  beakers.   Seven  of 
these  samples  were  inoculated  with  0.5  ml  of  a  standardized 
prepared  suspension  of  heat-resistant  spores  of 
B.  stearothermophilus  and  each  inoculated  sample  was  then 
mixed  thoroughly  using  a  sterile  glass  rod  until  a  uniform 
dispersion  of  the  biological  indicator  resulted.   Each 
inoculated  sample  contained  approximately  7  x  10  CFU  per 
10  g  of  sample.   Each  beaker  was  tightly  covered  with 
aluminum  foil. 

Five  of  the  inoculated  samples  of  base  E-3  ointment 
were  placed  into  the  oven,  which  had  been  pre-heated  and 
stabilized  at  140°,  and  exposed  for  periods  of  30,  60, 
90,  120,  and  150  minutes  to  dry  heat  sterilization.   At 
the  end  of  each  exposure  period,  one  of  the  sample  beakers 
was  quickly  removed  and  immediately  tested  for  the 
presence  of  surviving  spores  in  accordance  with  the  pre- 
viously described  Sterility  Test  Procedure  for  Direct 
Transfer  to  Test  Media.   The  minimum  exposure  time  neces- 
sary for  sterilization  of  the  described  samples  was 
determined  to  be  that  exposure  in  minutes  at  which  no 
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viable  organisms  could  be  exhibited  to  exist  in 
the  ointment  sample  by  the  sterility  test  employed. 

An  uninoculated  negative  control  sample  of  base  E-3 
was  not  exposed  to  dry  heat  sterilization,  but  was 
subjected  to  a-1  mechanical  manipulations  and  sterility 
testing.   Two  inoculated  positive  controls  were  also 
included;  one  was  tested  for  sterility  immediately  after 
inoculation,  and  the  other  was  tested  for  sterility 
3  hours  after  inoculation  to  illustrate  that  the  biological 
indicator  was  not  killed  by  the  ointment  during  the 
period  of  time  needed  for  the  test  exposures  to  be  done 
on  similar  samples. 

This  procedure  was  repeated  using  similarly-prepared 
samples  of  base  E-4  ointment. 

Moist  Heat  Sterilization  Method:   Oil-Bath  Simulation. 
The  oil  bath  used  for  these  experiments  has  been  pre- 
viously described  in  the  section  on  spore  suspension 
standardization.   The  wire  support  rock  was  adjusted  so 
that  the  rim  of  an  immersed  beaker  was  1  cm  above  the 
level  of  the  oil  in  the  bath.   Temperature  was  maintained 
at  121.0°  ±  0.5°  during  each  test. 

The  oil  bath  was  allowed  to  stabilize  at  121.0° 
before  samples  were  introduced.   For  any  single  exposure 
time,  only  two  50-g  ointment  samples  were  placed  in  the 
oil  bath  to  prevent  temperature  lowering  of  the  bath. 
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Eight  50-g  ointment  samples  each  of  base  E-3  and 
base  E-4  were  prepared  by  weighing  the  ointment  into 
sterile  100-ml  beakers  and  sealing  them  with  aluminum  foil. 
Seven  samples  of  each  ointment  were  inoculated  with 
0.5  ml  of  standardized  suspension  of  heat-resistant 
B.  stearothermophilus  spores  and  thoroughly  mixed  using 
a  sterile  glass  rod,  such  that  the  final  concentration  was 
approximately  7  x  106CFU  per  10  g  ointment;  the  remaining 
sample  served  as  a  negative  control.   Two  inoculated 
samples  of  each  base  were  used  as  positive  controls ,  one 
tested  for  viable  spores  immediately  after  inoculation 
and  the  other  tested  at  the  conclusion  of  the  sample 
testing,  a  period  of  approximately  6  hours. 

A  single  test  was  performed  by  immersing  one  50-g 
inoculated  sample  of  ointment  base  E-3  and  one  of  base  E-4 
in  the  oil  bath  for  a  specified  period  of  time,  then  re- 
moving them  and  immediately  testing  each  sample  for  the 
presence  of  surviving  spores.   Exposure  times  were  0,  15, 
30,  60,  90,  and  120  minutes. 

Sterility  testing  using  the  Sterility  Test  Procedure 
for  Direct  Transfer  to  Test  Media  was  done  immediately 
after  removal  of  the  sample  from  the  bath.   Results  were 
reported  as  growth  or  no  growth. 

Moist  Heat  Sterilization  Method:   Steam  Sterilization. 
A  semi-automatic  steam  sterilizer,  operating  at  121°, 
15  p.s.i.,  was  used.   Chamber  temperature  was  measured 
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by  internally-mounted  thermometer  and  recorded  on  chart 
paper  for  reference.   The  chamber  was  pre-heated  to  110° 
before  sample  was  introduced. 

A  50-g  sample  of  each  ointment  base  E-3  and  base  E-4 
was  weighed  into  separate  aluminum  foil-covered  100-ml 
sterile  beakers,  inoculated  with  0.5  ml  of  prepared 
suspension  of  standardized  B.  stearothermophilus  spores, 
and  mixed  thoroughly  using  a  sterile  glass  rod.   The 
resultant  concentration  of  spores  was  approximately 
7  x  10   CFU  per  10  g  of  ointment. 

A  50-g  sample  of  inoculated  ointment  base  E-3  was 
placed  in  the  autoclave  and  sterilized  for  90  minutes  at 
121°,  fast  exhaust.   Similarly,  a  50-g  sample  of  inoculated 
ointment  base  E-4  was  exposed  to  121°  for  30  minutes, 
fast  exhaust. 

Immediately  upon  removal  from  the  autoclave,  each 
sample  was  tested  using  the  Sterility  Test  Procedure  for 
Direct  Transfer  to  Test  Media.   Results  were  reported  as 
growth  or  no  growth. 

Methods  of  Sterilization  and  Sterility  Tests  of  Individual 
Components 

Polyethylene  glycols  200,  400  and  4000.   Quantities 

of  30  g  of  polyethylene  glycol  200,  24  g  and  69  g  of 

polyethylene  glycol  400,  and  16  g  of  polyethylene  glycol 

4000  were  placed  in  separate  Pyrex   glass  beakers,  covered 

tightly  with  aluminum  foil  and  sterilized  by  dry  heat  at 

140°  for  two  hours.   Aliquots  of  1  ml  of  each  container 
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were  aseptically  transferred  to  tubes  containing  10  ml 
of  sterile  Tryptic  Soy  Broth  and  incubated  no  less  than 
7  days  at  30°-32°,  observing  for  evidence  of  growth. 

1 , 2 , 6-Hexanetriol  (Trihydroxyhexane) .   Sixty  grams  of 
1,2,6-Hexanetriol  was  placed  in  a  250-ml  PyrexR  glass 
beaker  and  sterilized  by  dry  heat  at  140°  for  two  hours. 
An  aliquot  of  1  ml  was  aseptically  transferred  to  a  tube 
containing  10  ml  of  sterile  Tryptic  Soy  Broth  and  incubated 
at  30°  to  32°  for  not  less  than  7  days,  observing  for 
evidence  of  growth. 

p 
Ethomeen  C/25.   Ten  milliliters  of  Ethomeen  C/25 

was  placed  in  50-ml  PyrexR  glass  beaker,  tightly  covered 

with  aluminum  foil  and  sterilized  by  dry  heat  at  140°  for 

two  hours.   A  0.1-ml  aliquot  was  aseptically  transferred 

into  a  tube  containing  10  ml  of  sterile  Tryptic  Soy  Broth 

and  incubated  at  30°-32°  for  not  less  than  7  days, 

observing  for  evidence  of  growth. 

Carbopol   940  resin;   dry  heat  sterilization.   Ten 
grams  of  Carbopol   940  resin  powder  was  placed  in  a 
screw-top  2-oz  glass  bottle,  with  the  cap  left  loosened, 
and  1.36  g  of  the  resin  was  placed  in  a  100-ml  PyrexR 
glass  beaker  which  was  tightly  sealed  with  aluminum  foil. 
Each  sample  was  sterilized  by  dry  heat  at  140°  for  one 
hour,  after  which  time  a  portion  of  the  sample  weighing 
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approximately  100-200  mg  was  subcultured  in  10-ml  of 
Tryptic  Soy  Broth.   Incubation  was  at  30°-32°  for  not 
less  than  7  days,  observing  for  growth. 

p 
Carbopol   940  resin:   gaseous  sterilization.   A 

ten-gram  quantity  of  Carbopol   940  resin  powder  was  sealed 

in  a  polyethylene  plastic  bag  and  sterilized  using  an 

ethylene  oxide-carbon  dioxide  gas  combination.   The  gas 

sterilizer  operated  under  8  lbs.  pressure  using  a  double 

vacuum  cycle  with  dwell /conditioning  of  20  minutes  and 

a  run  time  of  1-3/4  hours  at  50%  moisture  content.   A 

sawtooth  cycle  of  temperature  flucuation  between  120°  to 

140°F  (48.9°  to  60°C)  was  used  during  the  run.   Sample 

was  aerated  at  120°F  (48.9°C)  for  56  hours  to  remove 

residual  ethylene  oxide  gas.   A  100-200-mg  portion  of  the 

sample  was  transferred  aseptically  into  10  ml  of  sterile 

Tryptic  Soy  Broth  and  dispersed.   Incubation  of  this 

culture  was  at  30°-32°  for  not  less  than  7  days,  observing 

for  growth. 

Aseptic  Combination  of  Sterilized  Components.   Appro- 
priate quantities  of  the  sterilized  components  were 
combined  aseptically  in  sterile  glass  containers  to  form 
100-g  quantities  of  base  E-3  and  base  E-4  by  the  methods 

of  preparation  outlined  previously.   Unsterilized 

p 
Carbopol   940  resin  was  substituted  in  the  preparation  of 
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base  E-3.   A  0.5-g  aliquot  of  each  base  was  dissolved 
in  10  ml  of  Tryptic  Soy  Broth  and  incubated  at  30°-32° 
for  not  less  than  7  days,  observing  for  growth. 

Heat  Transfer  Characteristics  of  Covered  and  Uncovered 
Samples  of  Ointment  Bases  E-3  and  E-4 

A  thermostatically-controlled  oil  bath  as  previously 
described  was  used.   Matched  direct-reading  mercury 
thermometers  were  suspended  such  that  the  distance  between 
their  respective  bulbs,  2.25  cm,  was  exactly  one-half  the 
diameter  of  the  100-ml  beakers  used  as  sample  containers. 
A  wide-mesh  wire  rack  was  used  as  a  support  for  sample 
containers  immersed  in  the  oil  bath.   Oil  bath  temperature 
was  set  at  121°  and  allowed  to  stabilize  before  intro- 
duction of  samples. 

Two  50-g  samples  of  ointment  base  E-3  and  two  similar 
samples  of  base  E-4  were  weighed  into  separate  100-ml 
beakers.   One  sample  container  of  each  ointment  base  was 
tightly  sealed  with  aluminum  foil;  the  remaining  sample 
container  of  each  was  left  uncovered. 

The  static  temperature  of  each  sample  was  determined 
by  insertion  of  the  bulbs  of  the  matched  pair  of  thermo- 
meters into  the  sample,  one  bulb  at  the  edge  of  the  sample 
and  one  in  the  center,  half-way  through  the  thickness 
of  the  sample  depth.   Upon  stabilization  of  the  temperature, 
a  zero- time  reading  was  made. 

The  sample-thermometer  assembly  was  then  transferred 
into  the  oil  bath  set  at  121°,  immersing  the  beaker  to 
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the  extent  that  the  oil  level  was  1  cm  below  the  rim  of 
the  container.   Temperature  readings  at  the  edge  of  the 
sample  and  in  the  center  of  the  sample  were  recorded 
every  2  minutes  for  20  minutes,  then  every  5  minutes  for 
40  minutes,  then  every  30  minutes  for  the  next  1.5  hours, 
and  the  difference  between  the  edge  and  center  tempera- 
tures calculated  for  each  time  period.   Covered  and 
uncovered  samples  were  compared  for  each  ointment  base  E-3 
and  base  E-4. 


Antimicrobial  Preservative  Effectiveness 
in  Bases  E-3  and  E-4 


Test  Organisms 

Cultures  used  in  experiments  concerning  preservative 
effectiveness  were  Staphylococcus  aureus,  ATCC  6538; 
Pseudomonas  aeruginosa,  ATCC  9027;  and  Aspergillus  niger, 
ATCC  16888. 

Media 

For  the  initial  cultivation  of  the  test  organisms, 
freeze-dried  cultures  of  S.  aureus  and  P.  aeruginosa  were 
reconstituted  with  0.3-0.4  ml  of  sterile  Tryptic  Soy 
Broth  medium,  transferred  to  tubes  containing  5-6  ml  of 
the  same  medium  and  incubated  at  37°  for  48  hours.   Aliquots 
of  these  growing  cultures  were  then  transferred  to  tubes 
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of  10  ml  of  sterile  Tryptic  Soy  Broth  medium  and  to 
Nutrient  Agar  slants,  and  incubated  at  37°  for  24  hours. 
These  cultures  served  as  stock  cultures  and  were  stored 
under  refrigeration  (3°)  for  repeated  use. 

The  culture  of  A.  niger  was  obtained  as  a  slant  and 
was  initially  transferred  to  a  slant  of  sterile  Sabourad 
Dextrose  Agar  medium  and  incubated  at  20°-22°  not  less 
than  4  days.   This  culture  was  transferred  to  several 
slants  of  the  same  medium  and  incubated  at  20-22°  for  an 
additional  period  of  not  less  than  4  days.   Each  stock 
culture  tube  was  then  sealed  and  stored  under  refrigeration 
(3°)  for  repeated  use. 

Each  stock  culture  was  transferred  to  tubes  of 
fresh  media  approximately  every  6  months  to  maintain 
consistency  and  viability  of  the  organisms.   The  charac- 
teristic morphology  of  each  organism  was  noted  on  stock 
and  general  recovery  media. 

Microbial  Characteristics 

Coagulase  Production.   Growing  cultures  of  S.  aureus 
were  found  to  be  consistently  coagulase  -  positive  when 
tested  using  standard  procedures  (189,190)  with  Bacto- 
Coagulase  Plasma  for  free  coagulase  (tube  test)  and  bound 
coagulase  or  clumping  factor  (slide  test) . 

Fluorescin  and  Pyocyanin  Production.   Growth  of 
P.  aeruginosa  on  Pseudomonas  Agar  for  Detection  of 
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Fluorescein  (Pseudomonas-F  Agar)  produced  a  yellow  to 
yellow-green  color,  characteristic  of  fluorescein 
production.   Growth  of  this  organism  on  Pseudomonas  Agar 
for  Detection  of  Pyocanin  produced  a  blue  to  greenish-blue 
color,  a  positive  reaction  for  the  production  of  pyocyanin. 

Antimicrobial  Preservative  Systems 

Composition.  The  preservative  systems  selected  for 
evaluation  are  representative  of  these  generally  used  in 
ophthalmic  preparations  and  are  listed  as  follows: 

1)  Benzalkonium  chloride,  1:10,000  (0.01%  w/w)  ; 

2)  Benzalkonium  chloride,  1:10,000  (0.01%  w/w), 
and  ethylenediaminetetraacetic  acid,  disodium 
salt,  1:10,000  (0.01%  w/w); 

3)  Polymyxin  B  sulfate,  1,000  units  per  gram  of 
base,  and  ethylenediaminetetraacetic  acid, 
disodium  salt,  1:10,000  (0.01%  w/w); 

4)  Methyl-p-hydroxybenzoate,  0.1%  (w/w)  and 
propyl-p-hydroxybenzoate,  0.02%  (w/w); 

5)  p-Chloro-m-xylenol,  0.03%  (w/w);  and, 

6)  Chlorobutanol ,  0.5%  (w/w). 

Method  of  Sample  Preparation.   Quantities  of  20  gm 
each  of  bases  E-3  and  E-4  were  prepared  as  described 
previously,  placed  in  50-ml  glass  beakers,  covered,  and 
sterilized  by  autoclaving  at  121°  for  1.5  hours,  fast 
exhaust.   Immediately  upon  removal  of  the  containers  from 
the  autoclave,  samples  of  base  E-3  were  allowed  to  cool 
to  room  temperature  in  air;  samples  of  base  E-4  were  placed 
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in  a  water  bath  at  48°  for  approximately  1  hour,  then 
transferred  to  a  room  temperature  water  bath  and  aseptically 
stirred  until  the  preparations  congealed,  producing  a 
semi-solid  preparation  of  uniform  consistency. 

Prior  to  the  preparation  of  the  preservative  stock 
solutions,  loosely-capped  tubes  containing  10.0  ml  of 
polyethylene  glycol  200  (PEG  200)  were  sterilized  by  dry 
heat  at  160°  for  1  hour  and  allowed  to  cool  to  room 
temperature  before  use. 

A  stock  solution  of  benzalkonium  chloride  was  prepared 
by  diluting  0.6  ml  of  17%  (w/v)  benzalkonium  chloride 
concentrate  to  10.0  ml  with  distilled  water,  mixing, 
and  sterilizing  by  micropore  filtration  into  a  sterile, 
capped  tube.   The  resultant  stock  solution  contained 
10  mg  of  benzalkonium  chloride  per  milliliter. 

A  stock  solution  of  ethylenediaminetetraacetic  acid, 
disodium  salt  (Na2EDTA) ,  was  prepared  by  dissolving 
1.00  g  of  Na2EDTA  in  sufficient  distilled  water  to  make 
100.0  ml  of  solution,  mixing,  and  sterilizing  by  micropore 
filtration  into  a  capped  sterile  flask.   The  resultant 
stock  solution  contained  10  mg  Na2EDTA  per  milliliter. 

Polymyxin  B  sulfate  was  supplied  as  a  sterile  powder 
which  was  diluted  with  sufficient  Sterile  Water  for 
Injection,  U.S. P.,  to  make  a  sterile  solution  containing 
50,000  units  of  polymyxin  B  sulfate  per  milliliter. 

A  stock  solution  of  methyl-p-hydroxybenzoate  was 
prepared  by  dissolving  1.24  of  methyl-p-hydroxybenzoate  in 
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10.0  ml  of  sterile  PEG  200.   The  resultant  concentration 
was  0.01  g  of  methyl-p-hydroxybenzoate  per  0.10  g  (0.09  ml) 
of  stock  solution. 

A  stock  solution  of  propyl-p-hydroxybenzoate  was  pre- 
pared by  dissolving  0.23  g  of  propyl-p-hydroxybenzoate  in 
10.0  ml  of  sterile  PEG  200.   The  resultant  concentration 
was  0.002  g  of  propyl-p-hydroxybenzoate  per  0.10  g 
(0.09  ml)  of  stock  solution. 

A  stock  solution  was  prepared  by  dissolving  0.30  g 
of  p-chlor-m-xylenol  in  sufficient  quantity  of  sterile 
PEG  200  to  make  10.0  g  of  solution.   Slight  warming  of 
the  solution  in  a  water  bath  hastened  solution  of  the 
crystals.   The  resultant  concentration  was  0.003  g  of 
p-chloro-m-xylenol  per  0.10  g  (0.09  ml)  of  stock  solution. 

A  stock  solution  was  prepared  by  dissolving  4  g 
of  Chlorobutanol,  U.S. P.,  in  9.0  g  of  sterile  PEG  200. 
Slight  warming  of  the  solution  in  a  water  bath  hastened 
solution  of  the  crystals.   The  resultant  concentration 
was  0.05  g  of  chlorobutanol  per  0.16  g  (0.12  ml)  of  the 
stock  solution. 

Aliquots  of  each  stock  solution  were  tested  for 
sterility  in  the  appropriate  inactivation  medium  and  were 
negative  for  growth  at  30°-32°  for  not  less  than  7  days 
incubation. 

Sterile  test  samples  containing  the  indicated  concen- 
trations of  preservative  were  prepared  immediately  before 
each  series  of  tests  by  aseptically  mixing  an  appropriate 
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amount  of  preservative  stock  solution  with  sufficient 
sterile  base  E-3  or  E-4  to  produce  a  20-g  quantity  of  the 
desired  preparation  in  a  sterile  50-ml,  aluminum  foil- 
sealed  glass  beaker.   Mixing  was  continued  for  not  less 
than  5  minutes  in  each  sample  to  insure  the  even  distri- 
bution of  preservative  throughout  the  ointment. 

Preservative  Effectiveness  Testing:   Tube  Dilution  Method 

Specific  Preservative  Inactivation  Media.   The 
compositions  of  media  used  to  inactivate  preservative 
systems  evaluated  in  these  tests  are  listed  in  Table  13, 
in  Chapter  IV,  Results  and  Discussion.   Unless  otherwise 
specified,  the  media  was  sterilized  by  heating  in  an  auto- 
clave at  121°,  15  p.s.i.  for  15-20  minutes,  slow  exhaust. 
Media  was  freshly  prepared  for  each  test  series.   When 
ready  for  use,  approximately  the  upper  one- tenth  of  the 
medium  should  have  a  pink  color. 


Method  A.   Dissolve  the  appropriate  quantity 
of  soy  lecithin  in  960  ml  of  fluid  thioglycollate 
medium,  heating  at  48°  to  50°  on  a  water  bath  for 
about  30  minutes  to  effect  solution.   Add  the 
appropriate  quantity  of  polysorbate  80,  and  mix. 
Add  sufficient  fluid  thioglycollate  medium  to 
make  1000  ml.   Mix,  and  dispense  as  desired,  then 
sterilize. 


Method  B.   Add  100  ml  of  polysorbate  20  to 
850  ml  of  fluid  thioglycollate  medium.   Mix  and 
add  sufficient  fluid  thioglycollate  medium  to 
make  1000  ml.   Mix,  dispense  as  desired,  and  then 
sterilize.   Sterile  medium  may  be  warmed  to 
40°-45°  before  use  to  insure  uniformity. 
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Method  C.   Dissolve  5  g  soy  lecithin  in 
960  ml  of  fluid  thioglycollate  medium,  heating 
at  48°  to  50°  on  a  water  bath  for  about 
30  minutes  to  effect  solution.   Add  32  ml  of 
glycerin  and  mix.   Add  sufficient  fluid  thio- 
glycollate medium  to  make  1000  ml.   Mix, 
dispense  as  desired,  then  sterilize. 


Method  D.  To  rehydrate  medium,  suspend 
29.5  g  of  fluid  thioglycollate  medium  powder 
in  1000  ml  cold  distilled  water,  and  heat  to 
boiling  to  dissolve  the  medium  completely. 
Distribute  in  tubes  or  flasks  and  sterilize. 
Cool  quickly  to  25°.   Final  pH  is  7.1. 


Preparation  of  the  Inoculum.   Prior  to  each  test, 
the  inoculation  for  the  bacterial  organisms,  S.  aureus 
and  P.  aeruginosa,  was  prepared  by  transferring  a  loopful 
of  the  specified  microorganism  from  the  surface  of  a  stock 
slant  culture  into  10  ml  of  sterile  Tryptic  Soy  Broth, 
mixing  thoroughly,  and  incubating  at  30°  to  32°  for  18 

hours.   Repeated  tests  produced  cultures  yielding  counts 

p 

of  approximately  4  x  10   CFU/ml  for  P.  aeruginosa  and 

1.7  x  109CFU/ml  for  S.  aureus. 

The  inoculum  for  A.  niger  was  prepared  by  growth 
of  the  organism  at  22°  to  24°  on  Saborad  Dextrose  Agar 
slants  to  the  point  of  sporulation.   Three  stock  culture 
slants  were  selected  and  1  ml  of  sterile  normal  saline 
was  pipetted  into  each  tube.   The  surface  of  each  slant 
was  rubbed  with  a  sterile  loop  to  loosen  and  suspend 
spores.   The  resultant  turbid  suspensions  were  pooled 
in  a  sterile  tube  and  sufficient  sterile  normal  saline 
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was  added  to  make  9  ml  of  suspension.   Repeated  prepara- 
tions produced  spore  suspensions  of  approximately 
6  x  10   spores/ml. 

The  standardized  microbial  suspensions  were  used 
promptly  after  preparation.   The  number  of  colony- forming 
units  per  milliliter  for  each  bacterial  suspension  and 
the  number  of  spores  per  milliliter  for  each  fungal 
suspension  were  determined  accurately  prior  to  their  use 
in  each  test.   These  values  served  to  determine  the  size 
of  each  inoculum  used. 

Preparatory  Testing.   Preparatory  to  conducting  the 
various  tests  described  for  the  determination  of  anti- 
microbial affectiveness,  samples  of  each  of  the  test  media 
to  be  used  were  inoculated  separately  with  viable  cultures 
of  S.  aureus  and  P.  aeruginosa.   This  was  done  by  adding 
approximately  1  x  10  CFU  from  18-hour  cultures  of  each 
organism  to  tubes  containing  10  ml  of  each  specific 
inhibitory  sterile  test  media,  mixing,  and  incubating  at 
30°-32°  for  24  to  48  hours.   Sabourad  Dextrose  Agar  slants 
used  for  the  recovery  of  A.  niger  were  tested  by  inocula- 
tion with  0.1  ml  of  a  stock  spore  suspension  of  A.  niger, 

2 
representing  an  inoculum  of  approximately  6  x  10   spores. 

Inoculated  tubes  were  incubated  at  20°  to  24°  for  not 

less  than  7  days. 

Specimens  of  the  materials  to  be  tested  were 

inoculated  with  separate  viable  cultures  of  S.  aureus  and 
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P.  aeruginosa.   This  was  done  by  adding  0.1  ml  of  an 
18-hour  culture  of  each  organism,  or  approximately 
1  x  10   CFU,  to  separate  10-g  samples  of  each  base  E-3 
and  base  E-4,  unpreserved  or  preserved  with  each  of  the 
described  systems,  mixing,  and  immediately  transferring 
a  0.4-g  aliquot  into  each  of  three  10-ml  tubes  of  specific 
inhibitory  media.   Each  set  of  three  tubes  was  incubated 
at  30°  to  32°  for  24  to  48  hours  and  observed  for  evidence 
of  growth. 


Tube  Dilution  Procedure.   A  test  sample  comprised  a 
20-g  quantity  of  sterile  base  E-3  or  E-4,  with  or  without 
a  specific  preservative,  contained  in  a  covered,  sterile 
50-ml  beaker,  freshly  prepared  before  each  test. 

Because  of  the  viscous  nature  of  the  test  materials, 
sterile  glass  transfer  tubes  were  made  for  the  aseptic 
transfer  of  known  quantities  of  sample  from  the  sample 
beaker  into  the  culture  tube  containing  the  specific 
inhibitory  medium.   Pasteur  pipettes   were  cut 
approximately  11  cm  from  the  large  diameter  opening, 
discarding  the  narrow  portion  of  the  pippette  and  leaving 
an  opening  of  approximately  2.5  mm  I.D.   Each  pipette  was 
marked  in  2-cm  divisions,  and  cotton-plugged.   Individual 


aSupplied  as  diSPo  Pipets  (Pasteur  Type),  Cat.  No.  P5211-2, 
9-inch  length,  Scientific  Products,  Division  of  American 
Hospital  Supply  Corp.,  Evanston,  111. 
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pipettes  were  placed  in  separate  capped  culture  tubes 
containing  1  ml  of  distilled  water,  sterilized,  and 
dried  in  a  hot-air  oven. 

For  transfer  of  samples,  a  pipette  was  connected  to 
flexible  rubber  tubing  and  filled  by  means  of  suction 
supplied  by  a  35-ml  syringe  when  the  pipette  tip  was 
immersed  in  the  test  sample.   Repeated  trial  transfers 
consistently  delivered  approximately  0.4  g  of  test  sample 
for  each  2-cm  graduation  on  the  pipette. 

Test  samples  of  20  g  each  of  base  E-3  without  pre- 
servative and  base  E-3  containing  each  of  the  six  indivi- 
dual preservative  systems  were  prepared,  and  each  was 
inoculated  with  a  standardized  18-hour  culture  of  S.  aureus 

such  that  the  contamination  level  was  approximately 

5 
9  x  10   CFU  per  gram  of  sample.   Each  test  sample  was 

mixed  aseptically  until  the  inoculum  was  homogeneously 

dispersed.   Within  2  minutes  after  inoculation,  three 

0.4-g  aliquots  were  aseptically  removed  from  random  sections 

of  the  sample  and  transferred  to  three  capped  culture 

tubes  containing  10  ml  each  of  sterile  inhibitory 

medium  specific  for  the  preservative  system  being  tested. 

This  represented  the  zero  time  sample.   Similarly,  aliquots 

were  taken  from  each  sample  at  0.25,  0.50,  0.75,  1,  2,  8 

and  24  hours  post  inoculation.   Each  tube  of  diluted 

sample  was  mixed  on  a  rotary  mixer  until  complete 

dissolution  of  the  sample  occurred.   All  tubes  were 

incubated  at  30°  to  32°  for  2  4  to  4  8  hours  undisturbed, 
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and  visually  evaluated  for  evidence  of  growth.   Results 
were  reported  in  terms  of  the  number  of  tubes  showing 
growth  out  of  each  group  of  three  tubes.   The  test  was 
repeated  on  duplicate  samples  of  base  E-3  without  and  with 
the  described  preservative  systems  using  an  inoculum  from 
a  standardized  18-hour  culture  of  P.  aeruginosa  at  a  con- 
tamination level  of  approximately  3  x  10   CFU  per  gram  of 
sample. 

The  test  procedure  was  applied  to  test  samples  of 
20  g  each  of  base  E-4  without  preservative  and  Base  E-4 
containing  each  of  the  six  individual  preservative  systems. 
Each  test  sample  was  inoculated  with  a  standardized  18-hour 
culture  of  S.  aureus  such  that  the  contamination  level 
was  approximately  3  x  10   CFU  per  gram  of  sample. 
Duplicate  test  samples  were  inoculated  with  a  standardized 
18-hour  culture  of  P.  aeruginosa  at  a  resultant  level  of 
approximately  2.6  x  107  CFU  per  gram  of  sample. 

Suitable  controls  for  media  sterility  and  sterility 
assurance  tests  for  transfer  methods  using  sterile 
distilled  water  as  the  test  specimen  gave  negative  results. 

Each  sample  dilution  tube  showing  growth  was  sub- 
cultured  into  special  diagnostic  media  specific  for  the 
organisms  used  to  show  that  recovered  organisms  were  the 
same  as  those  inoculated  in  each  test  sample.   Nutrient 
Agar  slants  combined  with  a  standard  test  for  coagulase 
enzyme  were  used  for  suspected  colonies  of  S.  aureus,  and 
Pseudomonas  Agars  F  and  P  were  used  for  suspected  growths 
of  P.  aeruginosa. 
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Preservative  Effectiveness  Testing:   Zone  of  Growth 
Inhibition  Method  """" 

This  method  used  an  inoculum-overlay  technique  with 
constant-volume  wells.   For  each  sample  plate,  a  founda- 
tion of  15  ml  of  sterile  Nutrient  Agar  base  at  48°  was 
poured  into  a  sterile  100-mm  petri  dish  and  allowed  to 
cool.   An  overlay  consisting  of  5  ml  of  Nutrient  Agar  at 
48°  mixed  with  1  ml  of  a  1:10  dilution  of  an  18-hour 
culture  of  either  S.  aureus  or  P.  aeruginosa  in  normal 
saline  was  poured.   When  the  layers  had  congealed,  five 
evenly-spaced  8.0-mm  diameter  wells  were  cut  in  the  agar 
and  the  plugs  removed  aseptically.   Each  of  several  trial 
wells  was  determined  experimentally  to  have  a  volume  of 
0.18  ml.   Each  plate  was  used  within  2  hours  of  prepara- 
tion.  Condensation  on  the  inside  of  the  dish  lid  was 
removed  with  sterile  gauze. 

Separate  preserved  test  samples  using  either  base  E-3 
or  base  E-4  were  freshly  prepared  before  the  procedure. 
The  preservative  systems  evaluated  were  the  same  as 
previously  described.   Sample  quantities  of  10  g  were 
found  to  be  adequate. 

Both  base  E-3  and  base  E-4  are  hygroscopic  and  swell 
when  water  is  absorbed,  causing  erroneous  measurement 
results  when  a  well  is  filled  to  its  capacity  with  either 
material.   This  source  of  error  was  eliminated  by  partially 
filling  the  well  with  a  known  volume  of  test  sample  and 
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adding  a  measured  quantity  of  sterile  distilled  water. 
The  resultant  sample  swelled  but  did  not  overflow  the 
well  confines. 

To  conduct  a  test,  a  0.10-ml  quantity  of  test 
sample  was  placed  into  an  individual  well  and  0.05  ml  of 
sterile  distilled  water  was  added.   Each  plate  contained 
test  samples  of  base  E-3,  base  E-4,  base  E-3  with  the 
preservative  system  being  evaluated,  and  base  E-4  with  the 
same  preservative  system.   The  remaining  well  in  each 
plate  was  filled  with  0.15  ml  of  a  sterile  standard 
aqueous  solution  of  the  preservative  being  tested  in  the 
same  concentration  as  contained  in  the  test  sample.   Each 
preservative  system  was  tested  in  triplicate  against 
S.    aureus  and  P.  aeruginosa.   The  aseptic  transfer  of 
accurate  volumes  of  each  test  sample  was  done  using 
sterile  1-ml  tuberculin  syringes  graduated  in  0.01-ml 
increments.   Each  group  of  three  plates  was  covered  and 
incubated  without  inverting  them  at  30°  to  32°  for 
24  hours.   Resultant  clear  zones  of  growth  inhibition  for 
each  test  sample  were  measured  at  that  time  as  zone 
diameters  in  millimeters  from  the  bottom  of  the  inverted 
plate  placed  on  the  Accu-light  Colony  Counter  with  a 
black  background.   Measurements  were  made  using  a 
hand-held  micrometer. 

For  each  preservative  system  tested,  the  three 
determinations  for  each  organism  were  averaged.   Values 
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for  zones  listed  as  8.0  mm  indicate  no  inhibition  of 
growth.   Values  were  summarized  and  evaluated  statisti- 
cally. 

Preservative  Effectiveness  Testing:   Test  for  Fungal  Growth 
Inhibition  by  Surface  Inoculation  Method 

The  purpose  of  this  test  was  to  show  whether  any  of 
the  preparations,  alone  or  containing  the  preservative 
systems  previously  described,  would  support  the  growth  of 
a  fungal  organism  if  inoculated  directly  onto  the  surface 
of  the  ointment. 

Quantities  of  10  g  each  of  bases  E-3  and  E-4,  and 
E-3  and  E-4  containing  each  of  the  six  preservative  systems 
previously  described,  were  prepared  as  sterile  test 
samples.   For  each  test  sample,  aliquots  of  approximately 
1  g  were  transferred  aseptically  into  six  35  x  10  mm  sterile, 
plastic,  covered  culture  dishesa,  which  were  then  divided 
into  two  groups  of  three  dishes  each,  one  group  serving 
as  an  uninoculated  control,  the  other  as  the  test  samples 
for  inoculation.   Six  additional  dishes  were  filled  with 
6  ml  each  of  sterile  Sabourad  Dextrose  Agar  medium,  three 
of  which  were  for  inoculation,  serving  as  controls  for 
medium  sterility  and  stock  inoculum  viability. 


Supplied  as  35  x  10  mm  disposable,  sterile  plastic  tissue 
culture  dish,  Falcon  Plastics,  Div.  of  B-D  Laboratories, 
Inc.,  Los  Angeles,  CA. 
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Each  inoculated  test  sample  and  control  received 
0.1  ml  of  a  stock  suspension  of  A.  niger  spores  containing 
approximately  6.4  x  103  spores  per  milliliter,  placed 
directly  onto  the  surface  of  the  sample  or  medium.   All 
test  specimens  were  then  incubated  for  not  less  than  30  days 
at  22°  to  24°  and  observed  daily  for  evidence  of  growth. 
At  the  end  of  the  30-day  period,  each  test  sample  and 
control  was  examined  visually  with  the  aid  of  a  binocular 
dissecting  microscope  at  a  magnification  of  approximately 
x20.   Those  samples  in  which  any  mycelical  growth  appeared 
were  subcultured  onto  fresh  slants  of  sterile  Sabourad 
Dextrose  Agar  and  incubated  for  an  additional  30-day  period. 
Observations  were  reported  in  terms  of  the  number  of 
samples  which  exhibited  any  evidence  of  growth  during 
these  incubation  periods. 


Rheological  Characteristics  of  Non-Sterile 
and  Sterilized  Bases  E-3  and  E-4  upon  the  Addition 
of  Water,  Atropine  Sulfate,  and  Various  Preservatives 


Purposes 

The  rheological  characteristics  of  bases  E-3  and  E-4, 
with  and  without  5%  (w/w)  dimercaprol,  have  been  thoroughly 
investigated  and  reported  in  previous  research  (191-194,198) 
The  purposes  of  the  present  study  are  to  investigate  the 
effects  on  the  rheological  characteristics  of  bases  E-3  and 
E-4  of:   1)  sterilization,  by  either  moist  heat  or  dry  heat 
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methods;  2)  the  addition  of  small  amounts  of  water, 
characteristic  of  the  addition  of  many  water-soluble 
medicaments;  and,  3)  the  addition  of  atropine  sulfate 
and  various  preservatives  to  the  sterilized  bases. 
Correlations  of  these  effects  with  microscopic  and  macro- 
scopic observations  are  reported. 

Rotating  Viscometer 

Determinations  were  made  using  the  HAAKE  Rotovisco 
rotating  viscometer  equipped  with  a  dual  measuring  head 
with  0-50  and  0-500  gem  torque  ranges  and  a  star-shaped 
rotor,  FL-100.   The  Rotovisco  is  a  rotating  viscometer  in 
which  the  substance  to  be  measured  is  introduced  into  a 
gap  between  a  rotating  and  a  fixed  surface,  in  this  case 
the  star-shaped  rotor  and  sample  beaker  surface,  respective- 
ly.  The  rotor  rotates  at  various  rates  and  the  torque 
created  by  the  viscous  drag  of  the  sample  is  measured  by 
a  torsion  dynamometer.   The  measurement  is  read  in  terms 
of  S-units  (shearing  stress)  from  a  meter  on  the  control 
panel. 

A  synchronous  motor  connected  to  a  gearbox  provides 
ten  rotor  speeds  from  3.6  to  583.2  r.p.m.  (rates  of  shear) 
which  can  be  changed  without  stopping  the  instrument. 
Characteristics  of  Non-Newtonian  substances  must  be 
determined  at  several  different  speeds  for  accuracy. 

The  reading  meter,  or  S-scale,  is  divided  into  100 
arbitrary  units  corresponding  to  shearing  stress.   The 
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U-scale  has  ten  arbitrary  gear  positions,  162  to  1,  which 
are  inversely  proportional  to  the  RPM  of  the  rotor,  cor- 
responding to  rate  of  shear  applied  to  the  test  sample. 
Conversion  factors  relating  the  U-value,  1/U-value  and 
RPM  are  presented  in  Table  18,  in  Chapter  IV,  Results  and 
Discussion. 

At  certain  speeds,  low  values  may  be  obtained  on  the 
reading  meter.   Since  the  percentage  accuracy  of  the 
instrument  decreases  near  the  lower  end  of  the  scale,  a 
high  sensitivity  switch  is  provided  to  expand  the  scale 
reading  obtained  where  the  switch  is  in  the  "normal" 
position  to  four  times  its  true  value  in  the  "fine" 
position. 

The  dual  measuring  head  also  provides  for  a  change  in 
sensitivity.   Values  on  the  reading  meter  in  units  of 
shearing  stress  when  the  switch  is  in  the  "50"  position  are 
expanded  to  ten  times  that  value  with  the  switch  at  the 
"500"  setting.   The  instrument,  therefore,  allows  the 
determination  of  viscosities  of  widely  differing  ranges 
with  accuracy. 

Measurements  were  reported  in  terms  of  the  5  0 /normal 
setting  for  direct  comparisons.   Those  obtained  using 
alternate  combinations  of  settings  were  converted  using 
the  appropriate  conversion  factors. 

Measurements  are  listed  in  terms  of  S-value  (shearing 
stress)  versus  RPM  (rate  of  shear)  and  plotted  as  rheograms 
which  could  be  compared  directly  with  each  other.   Though 
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viscosity  measurements  in  absolute  units  are  possible 
with  this  instrument  using  a  calibrated  rotor  and  constant 
factors  provided,  these  were  not  felt  to  be  necessary 
for  this  study. 

For  more  detailed  descriptions  of  instrument  use, 
range  limitations,  and  calibration,  reference  is  made  to 
the  instrument  manual  (195)  and  various  texts  (196,197). 

General  Method 

A  sample  of  50  g  placed  in  a  100-ml  glass  beaker, 
was  sufficient  to  cover  the  rotor  when  immersed.   After 
preparation,  each  sample  was  stored  at  room  temperature 
for  24  to  48  hours  prior  to  the  actual  measurement,  then 
transferred  to  a  water  bath  at  25°  and  allowed  to  come  to 
temperature. 

Samples  of  each  of  the  bases  and  ointments  were 

evaluated  by  immersing  the  star-shaped  rotor  to  a  standard 

depth  in  each  container,  allowing  the  paddle  to  remain 

in  place  for  15  seconds,  and  engaging  the  gearbox  at  the 

selected  U-value.   The  initial  S-value,  S  ,  was  read 

o 

concurrent  with  the  gear  engagement.   The  viscometer  was 
then  allowed  to  operate  for  exactly  1  minute,  during  which 
the  reading  meter  value  stabilized.   At  that  time  a 
second  S-value,  S,  ,  was  observed. 

The  gearbox  was  disengaged  and  the  sample  allowed  to 
rest  for  15  seconds.   The  next  gear  speed  was  then  engaged 
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and  the  observation  method  repeated.   A  sequence  of 
speeds  beginning  with  a  U-value  of  162  and  proceeding 
stepwise  with  increasing  speeds  was  used. 

Effects  of  Water  Addition 

Ointments  containing  small  amounts  of  water  were 
prepared  from  each  of  the  bases  E-3  and  E-4  and  evaluated 
using  the  rotating  viscometer.   Quantities  of  100  g  of 
base  E-3  or  E-4  were  combined  with  1,  3,  and  5  g  of  dis- 
tilled water  by  geometric  trituration,  yielding  samples 
of  each  base  containing  0.99%,  2.91%  and  4.76%  (w/w)  water, 
respectively.   Each  preparation  used  for  the  determination 
was  stored  in  the  tightly  sealed  container  for  24  to 
30  hours  at  room  temperature.   All  samples  then  were 
brought  to  a  temperature  of  25°  by  use  of  a  water  bath. 
Determinations  were  made  using  the  general  method  described. 

Effects  of  Sterilization  by  Moist  Heat  and  Dry  Heat 

A  quantity  of  250  g  of  each  base  E-3  and  E-4  was 
prepared  and  individual  samples  of  50  g  each  were  placed 
in  100-ml  Pyrex   glass  beakers  and  tightly  sealed  with 
double- thickness  aluminum  foil.   All  samples  were  stored 
at  room  temperature  for  24  hours.   One  sample  of  each 
base  E-3  and  E-4  was  then  placed  in  a  water  bath  at  25° 
and  allowed  to  come  to  temperature.   Base-line  rheological 
data  on  these  samples  were  obtained  by  the  general  method 
described. 


144 


Each  of  the  remaining  samples  of  bases  E-3  and  E-4 
then  was  sterilized  by  one  of  the  following  methods: 
1)  moist  heat,  by  autoclaving  at  121°  for  1  and  2  hours, 
fast  exhaust;  and,  2)  dry  heat,  by  use  of  a  hot  air  oven 
at  140°  for  1  and  2  hours.   Upon  removal  from  the  autoclave 
at  hot  air  oven,  each  sample  of  base  E-3  was  allowed  to 
cool  to  room  temperature  undisturbed. 

Prior  trials  using  base  E-4  had  shown  the  need  for 
stirring  the  base  after  sterilization  to  avoid  the  forma- 
tion of  a  solid,  crystalline  preparation  upon  cooling. 
Each  sample  of  base  E-4  was  stirred  by  hand  while  cooling 
until  congealed. 

Sterilized  samples  were  stored  tightly  sealed  at  room 
temperature  for  24  hours,  then  placed  in  a  water  bath  at 
25°  and  allowed  to  come  to  temperature.   Rheological 
determinations  were  obtained  by  the  general  method  described. 
Physical  and  microscopic  observations  for  each  sample 
were  recorded  for  possible  correlation  with  rheological 
results. 


Effect  of  Atropine  Sulfate  Addition 

Sample  quantities  of  bases  E-3  and  E-4  containing 
either  atropine  sulfate,  1%  (w/w) ,  or  atropine  sulfate, 
1%  (w/w) ,  and  distilled  water,  4%  (w/w) ,  were  prepared 
by  the  following  methods: 
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1)   Base  E-3  or  E-4  Containing  Atropine  Sulfate, 
1%  (w/w) 

Base  E-3  or  E-4  99.0%  (w/w) 

Atropine  Sulfate,  U.S. P.         1.0%  (w/w) 

Triturate  small  amount  of  base  with  atropine 
sulfate  powder  in  mortar  and  pestle.   Add 
remaining  base  using  geometric  dilution  and 
mix  until  homogeneous.   Sterilize  in  tightly 
sealed  glass  beaker  as  specified.   Stir  base 
E-4  preparations  by  hand  while  cooling  until 
congealed.   Allow  base  E-3  preparations  to 
cool  undisturbed. 


2)   Base  E-3  or  E-4  Containing  Atropine  Sulfate, 
1%  (w/w) ,  and  Water,  4%  (w/w) 

Base  E-3  or  E-4  95.0%  (w/w) 

Atropine  Sulfate,  U.S. P.         1.0%  (w/w) 
Distilled  Water  4.0%  (w/w) 

Dissolve  atropine  sulfate  in  water.   Mix  with 
base  using  geometric  dilution  in  a  mortar  and 
pestle  until  homogeneous.   Sterilize  in 
tightly-sealed  glass  beaker  as  specified. 
Stir  base  E-4  preparations  by  hand  while 
cooling  until  congealed.   Allow  base  E-3 
preparations  to  cool  undisturbed. 


A  quantity  of  250  g  of  each  ointment  was  prepared  and 
divided  into  50-g  portions  contained  in  separate  100-ml 
glass  beakers,  tightly  sealed  with  aluminum  foil.   One 
sample  of  each  ointment  was  retained  as  the  nonsterilized 
standard  and  was  stored  at  room  temperature  for  24  hours. 
Each  standard  then  was  placed  in  a  water  bath  at  25°, 
allowed  to  come  to  temperature,  and  base-line  rheological 
data  was  determined  by  the  general  method  described. 
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Each  of  the  remaining  samples  of  ointments  was 
sterilized  by  one  of  the  following  methods:   1)  moist  heat, 
by  autoclaving  at  121°  for  1  and  2  hours,  fast  exhaust; 
and,  2)  dry  heat,  by  use  of  a  hot-air  oven  at  140°  for 
1  and  2  hours. 

Upon  removal  from  the  hot-air  oven  or  autoclave, 
each  sample  of  base  E-3  ointment  was  allowed  to  cool  to 
room  temperature  undisturbed.   Ointments  containing 
base  E-4  were  stirred  by  hand  while  cooling  until  congealed 
to  prevent  phase  separation  and  formation  of  solid  prepara- 
tions.  Samples  were  stored  at  room  temperature  for 
24  hours,  then  placed  in  a  water  bath  at  25°  and  allowed 
to  come  to  temperature.   Rheological  determinations  were 
obtained  by  the  general  method  described.   Physical  and 
microscopic  observations  were  made  concurrently  for  each 
sample  for  possible  correlation  with  rheological  results. 

Effects  of  Preservative  on  the  Rheological  Properties  of 
Sterilized  Bases 

Six  samples  of  50  g  each  of  bases  E-3  and  E-4  contained 

in  100-ml  glass  beakers  tightly  sealed  with  aluminum  foil 

were  sterilized  by  moist  heat  at  121°  for  2  hours,  fast 

exhaust.   These  sterilized  bases  were  used  to  prepare 

50-g  quantities  of  preserved  ointments  from  sterile 

solutions  of  various  preservatives  and  combinations  of 

preservation  as  described  previously  in  the  experimental 

section  on  Antimicrobial  Preservative  Effectiveness. 
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Each  preparation  was  stored  at  room  temperature  for 
24  hours,  then  placed  in  a  water  bath  at  25°  and  allowed 
to  come  to  temperature.   Rheological  determinations  were 
obtained  by  the  general  method  described  and  results 
were  compared  with  those  of  similarly  sterilized  bases 
containing  no  preservatives. 


Surface  Tension  Effects  of 
Bases  E-3  and  E-4  Aqueous  Dilutions 

The  readiness  with  which  an  instilled  ophthalmic 
preparation  spreads  over  the  ocular  surface  and  mixes  with 
the  tears  can  be  related  at  least  in  part  to  changes  in 
the  surface  tension  of  the  lacrimal  fluid  as  a  result  of 
such  administration.   The  purposes  of  this  experiment 
were:   1)  to  determine  the  effect  of  increasing  concen- 
trations of  nonsterilized  bases  E-3  and  E-4  on  the  surface 
tension  of  a  standard  liquid,  water;  2)  to  determine  the 
effect  produced  by  moistpheat  sterilized  bases  E-3  and 
E-4  on  aqueous  surface  tension  compared  with  that  produced 
by  the  same  nonsterile  bases;  and,  3)  to  show  the  con- 
tributory effects  of  various  individual  components  of 
bases  E-3  and  E-4  on  the  aqueous  surface  tension  results 
of  nonsterile  base  preparations. 

A  Fisher  Surface  Tensiometer,  Model  20,  was  used  to 
determine  the  apparent  surface  tension  of  each  sample. 
The  Model  20  utilizes  the  du  Nouy  principles  of  operation, 
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employing  the  ring  method  to  achieve  speed  and  accuracy 
when  combined  with  a  torsion-type  balance  mechanism. 

In  the  du  Nouy  method,  a  platinum-iridium  ring  of 
precisely  known  dimensions,  in  this  case  having  a  mean 
circumference  of  6.000  cm,  is  suspended  from  a  counter- 
balanced lever  arm.   The  arm  is  held  horizontal  by 
torsion  applied  to  a  taut  stainless  steel  wire,  to  which 
it  is  clamped.   Increasing  the  torsion  in  the  wire  raises 
the  arm  and  the  ring,  which  carries  with  it  a  film  of 
liquid  in  which  it  is  immersed.   The  force  necessary  to 
pull  the  ring  free  from  this  surface  film  is  measured. 
The  instrument  shows  this  apparent  surface  tension  on  a 
calibrated  dial;  such  values,  in  dynes  per  cm,  can  be  used 
directly  for  comparative  studies  such  as  those  described 
herein. 

The  determination  of  surface  tension  requires  careful 
preparation  of  the  glassware,  ring,  and  samples  preceding 
the  actual  procedure.   Each  piece  of  glassware  in  contact 
with  the  sample  solutions,  including  glass  wash  bottles, 
stirring  bars,  and  beakers,  was  washed  thoroughly,  rinsed 
well  in  tap  water,  immersed  in  dichromate  acid  cleaning 
solution  for  several  hours,  and  then  rinsed  well  with  tap 
water.   Final  rinsing  with  deionized  water  standard  was 
followed  by  oven-drying  and  storage  in  a  dust-free  enclosure, 

The  platinum-iridium  ring  was  rinsed  well  in  tap 
water,  then  immersed  for  20  minutes  to  overnight  in 
dichromate  acid  cleaning  solution.   Upon  removal  from  the 
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cleaning  solution,  the  ring  was  rinsed  thoroughly  with 
tap  water,  immersed  in  phosphoric  acid  for  10  minutes  to 
remove  residual  chromate  ions,  rinsed  again  in  tap  water, 
and  finally  rinsed  with  the  deionized  water  standard. 
The  cleaned  ring  was  stored  dust-free  in  deionized  water 
standard  until  use.   For  use,  the  ring  was  removed  from 
water  storage,  heated  to  redness  in  the  oxidizing  portion 
of  the  bunsen  flame,  and  hung  on  the  instrument;  readings 
were  taken  immediately. 

The  sample  solution  was  contained  in  a  100-ml  glass 
beaker  of  I.D.  =  46  mm  for  each  determination.   The  minimum 
diameter  recommended  for  the  ring  procedure  by  the  instru- 
ment manufacturer  is  45  mm. 

For  purposes  of  comparison,  each  solution,  final 
rinse,  and  the  ring  storage  water  for  this  study  used 
standard  deionized  water3,  produced  by  filtration  of 
demineralized  water  through  mixed  bed  deionizers.   Monitored 
resistance  of  the  water  was  stated  to  be  1.8  x  107  ohms, 
and  dissolved  solids  were  1  ppb.   The  apparent  surface 
tension  was  determined  experimentally  to  be 
74.7  +  0.4  dynes  per  cm,  and  was  consistent  throughout 
the  study. 

Surface  tension  is  dependent  upon  temperature.   All 
determinations  were  made  on  samples  at  24°. 


Supplied  as  deionized  water,  Continental  Water  Condition- 
ing Co.,  Inc.,  Gainesville,  Fla.   Water  meets  or  exceeds 
"The  College  of  American  Pathologists"  standards  for 
Type  1  reagent  water  (March  1974) . 
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Ten-gram  samples  of  each  of  the  following  materials 
were  freshly  prepared:   1)  base  E-3,  nonsterile; 

2)  base  E-3,  moist-heat  sterilized  at  121°C  for  two  hours, 
fast  exhaust;  3)  base  E-4,  nonsterile;  and,  4)  base  E-4, 
moist-heat  sterilized  at  121°C  for  two  hours,  fast 
exhaust,  and  stirred  while  cooling.   In  addition,  suf- 
ficient quantities  of  the  following  were  prepared: 

1)  a  mixture  of  polyethylene  glycols  200  and  400  in  a 
ratio  of  1:2.36,  to  represent  the  vehicle  of  base  E-3 
without  the  matrix  component;  2)  a  sample  of  1,2,6- 
hexanetriol,  the  plasticizer  used  in  base  E-4;  and, 

3)  a  polyethylene  glycol  ointment  cmposed  of  0.8  g  of 

PEG  4000  and  1.2  g  of  PEG  400,  representing  the  components 
of  base  E-4  minus  the  plasticizer. 

Stock  concentrated  solutions  of  each  of  the  sterile 
and  non-sterile  bases  E-3  and  E-4  were  prepared  by 
dissolving  5.00  g  of  base  in  sufficient  deionized  water  to 
make  50.0  ml  of  solution,  giving  a  10.0%  (w/v)  dilution  or 
0.10  g/ml.   Solutions  of  each  of  the  other  components 
were  prepared  such  that  the  resultant  concentration 
represented  that  which  would  be  found  as  a  contributory 
component  in  a  10.0%  (w/v)  dilution  of  the  respective 
base  in  water;  therefore,  a  stock  solution  of  the 
PEG  200/400  mixture  had  a  concentration  of  0.098  g/ml, 
that  of  1,2,6-hexanetriol  a  concentration  of  0.06  g/ml, 
and  the  PEG  4000/400  pointment  a  concentration  of  0.04  g/ml 
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These  stock  solutions  were  used  to  provide  the  incremental 
aliquots  of  uniform  volume  for  the  following  method  of 
determination . 

The  measurement  of  the  apparent  surface  tension  of 
each  sample  followed  the  method  suggested  by  the  instrument 
manufacturer,  summarized  briefly  here.   The  cleaned 
platinum  -  iridium  ring  was  attached  to  the  hook  on  the 
arrested  lever  arm.   The  liquid  to  be  measured,  contained 
in  a  clean  glass  beaker  was  placed  on  the  sample  table 
and  the  table  was  adjusted  until  the  center  of  the  sample 
liquid  was  directly  beneath  the  ring.   The  sample  table 
then  was  raised  until  the  ring  was  immersed  in  the  sample 
liquid  to  a  depth  of  about  2  mm. 

The  torsion  arm  was  then  released  and  the  instrument 
adjusted  to  a  zero  reading.   The  sample  table  was  lowered 
until  the  ring  was  in  the  surface  of  the  liquid,  adjusting 
the  knob  on  theright  side  of  the  case  to  keep  the  index 
lined  up  with  the  zero  reference  mark  on  the  mirror.   As 
the  surface  became  distended,  the  index  was  kept  on  the 
reference  by  simultaneous  lowering  of  the  table  and 
increased  torsion  adjustment.   This  procedure  was  continued 
at  an  even  rate  until  the  distended  film  at  the  surface 
of  the  liquid  breaks  and  the  ring  is  free.   The  scale 
reading  at  the  breaking  point  is  the  apparent  surface 
tension.   Each  determination  was  repeated  twice,  and  the 
result  reported  as  the  average  apparent  surface  tension 
for  three  measurements. 
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To  provide  a  comparison  for  the  test  samples  and  to 
assure  that  the  method  of  determination  was  applicable, 
a  substance  having  known  surface-tension  lowering 
properties,  dodecyl  sodium  sulfate  (sodium  lauryl  sulfate), 
was  tested  and  the  results  compared  with  previously 
published  data  (199).   A  stock  solution  of  2.0%  (w/v) 
dodecyl  sodium  sulfate  in  deionized  water  was  prepared 
for  this  purpose. 

The  effects  of  increasing  sample  concentration  on 
surface  tension  were  determined  for  each  test  material 
using  a  dilution  procedure.   Exactly  50.0  ml  of  deionized 
water  was  introduced  into  a  clean,  dry  100-ml  beaker  and 
the  apparent  surface  tension  determined  by  averaging 
the  results  of  triplicate  measurements.   Then  a  1.0-ml  or 
5.0-ml  aliquot  of  the  stock  concentrated  solution  of  the 
test  material  was  added  while  mixing  the  beaker  contents 
with  a  magnetic  stirring  bar  at  slow  speed.   Mixing 
continued  for  a  period  of  1  minute,  and  the  sample  was 
allowed  to  stand  for  4  minutes,  after  which  three  deter- 
minations of  apparent  surface  tension  were  made  immediately 
and  averaged.   The  procedure  was  repeated  using  1.0-ml  or 
5.0-ml  increments  of  stock  concentrated  solution  of  the 
test  material  until  there  was  no  further  change  in  the 
apparent  surface  tension  of  the  test  sample  solution  or 
a  voluem  of  80.0  ml  was  reached.   The  concentration  of 
each  incremental  test  sample  solution  was  calculated  and 
listed  in  correspondence  with  the  averaged  results.   These 
results  were  compared  graphically. 
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Relative  Apparent  Bioavailability  of  1% 
Atropine  Sulfate  Ophthalmic  Ointments 


Test  Animals 

Twelve  adult  New  Zealand  White  (NZW)  albino  rabbits 
of  mixed  sex  were  randomly  selected  after  quarantine  and 
preliminary  ophthalmic  screening  for  indications  of  disease 
or  defects.   Each  animal  was  housed  individually  under 
similar  controlled  conditions  with  unrestricted  food  and 
water. 

Experimental  Design 

The  purpose  of  this  study  was  to  test  the  relative 
apparent  ophthalmic  bioavailability  of  atropine  sulfate 
from  two  test  bases,  E-3  and  E-4,  compared  with  that  from 
a  commercially  available  atropine  sulfate  ophthalmic 
ointment  by  measuring  the  increase  in  pupil  diameter, 
the  duration  of  dilatation,  and  length  of  time  pupil  is 
unresponsive  to  light  after  a  single  dose  of  each 
preparation. 

Ten-gram  quantities  of  each  test  base,  bases  E-3 
and  E-4,  were  prepared  as  previously  described,  and 
sterilized  by  exposure  for  2  hours  to  121°,  in  the  auto- 
clave.  To  the  cooled  base,  0.53  gm  of  a  micropore-f ilter 
sterilized  20.76%  (w/w)  solution  of  atropine  sulfate  in 
distilled  water  was  added  and  aseptically  mixed  until 
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uniform,  yielding  a  sterile  ointment  containing  1%  (w/w) 
atropine  sulfate.   No  preservatives  were  added.   A  com- 
mercial standard  reference3  ointment  was  used  as  supplied. 

Unit-dose  packaging  for  each  of  the  three  test 
ointments  was  prepared  by  aseptically  placing  equal 
weights  of  each  ointment,  determined  by  their  experimentally 
measured  individual  densities,  into  sterile  disposable 
2.5-ml  glass  syringes  by  methods  described  previously 
for  the  irritation  study.   Each  syringe  contained  an 
amount  of  ointment  equivalent  to  a  dose  of  0.9  mg  of 
atropine  sulfate,  the  quantity  contained  in  a  0.1-ml 
volume  of  the  commercial  standard  preparation.   Twenty-six 
unit-dose  syringes  of  each  test  ointment  were  prepared, 
labeled,  and  stored  at  -10°  until  used.   The  periods  of 
storage  did  not  exceed  4  weeks. 

Unit-dose  packaged  test  samples  were  administered 
by  direct  instillation  of  the  syringe  contents  into  the 
conjunctival  sac  formed  by  slight  withdrawal  of  the  lower 
eyelid,  allowing  the  normal  blink  reflex  of  the  individual 
animal  to  uniformly  spread  the  preparation  across  the  eye 
surface  within  10  to  15  seconds  after  instillation. 

The  parameters  measured  as  an  indirect  indication  of 
the  amount  and  rapidity  of  absorption  of  atropine  sulfate 


Supplied  as  Atropine  Sulfate  1%  Sterile  Ophthalmic  Ointment 
No.  6,  Lot  1EH33A,  Exp.  July  1,  1982.   Eli  Lilly  and 
Company,  Indianapolis,  Ind.   Composition:   Anhydrous 
lanolin,  mineral  oil,  white  petrolatum,  purified  water, 
atropine  sulfate. 
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from  any  single  application  of  the  test  sample  were  the 
degree  of  mydriasis,  recorded  as  the  per  cent  increase  in 
pupil  diameter  as  a  function  of  time,  the  duration  of 
dilatation,  and  the  length  of  atropination,  described 
as  the  length  of  time  the  iris  remained  unresponsive  to 
light  from  a  controlled  source.   Observations  concerning 
irritation  or  excess  lacrimation  were  also  noted. 

Immediately  before  the  administration  of  a  test 
sample  dose,  the  mean  resting  diameter  of  the  right  and 
left  eye  of  each  rabbit  in  a  group  was  determined  by 
measuring  the  pupil  diameter  under  controlled  lighting 
at  three  separate  times,  10  minutes  apart,  and  averaging 
the  values  to  obtain  a  base  measurement  upon  which  sub- 
sequent changes  in  diameter  for  that  eye  could  be  compared. 
Determination  of  pupil  diameter  was  done  by  placing  the 
tips  of  a  hand-held  micrometer  at  a  close,  constant  distance 
from  the  eye  and  measuring  the  horizontal  diameter  of  the 
pupil  accurately  to  the  nearest  0.1  mm. 

A  single  dose  of  a  test  ointment  sample  comprised  the 
application  of  the  contents  of  a  unit  dose  syringe  to 
each  eye  of  an  individual  animal  at  the  same  time,  ran- 
domizing the  order  of  right  and  left.   Measurements  of 
pupil  diameter  in  each  eye  then  were  made  at  specific 
periods  of  time.   These  measurements  were  converted  to 
per  cent  change  in  pupil  diameter  from  the  mean  resting 
value,  and  right  and  left  eye  measurements  for  a  particu- 
lar observation  time  were  averaged  to  find  a  mean  value  for 
one  animal . 
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A  preliminary  experiment  was  done  to  determine  the 
approximate  time  required  to  obtain  a  maximum  dilatation 
effect  upon  administration  of  a  single  dose  of  each  of 
the  atropine  test  ointments.   Three  additional  animals 
were  chosen  and  their  respective  right  and  left  eye  mean 
resting  diameters  determined.   Each  of  two  of  the  animals 
then  received  a  single  dose  of  one  of  the  atropine  test 
ointments,  either  base  E-3  ointment  or  base  E-4  ointment, 
in  each  eye,  while  the  third  animal  served  as  a  control, 
receiving  a  single  dose  of  the  commercial  atropine  stan- 
dard preparation  in  each  eye.   Measurements  of  pupil 
diameter  were  made  at  intervals  of  10,  20,  30,  40,  50, 
60,  100,  and  120  minutes  postinstillation  and  converted 
to  per  cent  change  in  pupil  diameter. 

A  statistical  design  was  formulated  as  a  3  x  3  Latin 
Square,  or  a  randomized  three-way  complete  crossover;  thus, 
each  animal  received  each  test  medication  once.   To 
accomplish  this  design,  the  twelve  animals  were  randomly 
assigned  into  three  groups  of  four  rabbits  each,  designated 
as  Groups  C^ ,  C2  /  and  C,,  respectively.   As  the  preliminary 
trials  with  1%  (w/w)  atropine  sulfate  ointments  had 
indicated  that  the  absence  of  light  response  lasted  less 
than  24  hours  and  the  mydriatic  effect  approximately 
48  hours  in  rabbits,  it  was  assumed  that  repeated  single- 
dose  applications  of  the  test  ointments  at  7-day  intervals 
would  assure  a  lack  of  pharmacological  carry-over  effect 
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from  previous  test  sample  administration.   The  administra- 
tion schedule  for  this  design,  therefore,  was  determined 
as  follows: 

Bl     B2     B3 


Al 

Cl 

c2 

c3 

A2 

c2 

C3 

Cl 

A3 

c3 

Cl 

c2 

Where:   A  =  time  of  test  sample  administered  at 

7-day  intervals; 
B  =  1%  w/w  atropine  sulfate  ointment  test 

sample  administered,  i.e.  Bi  = 

Base  E-4  ointment;  and, 
C  =  three  groups  of  four  test  animals 

each,  designated  Cl,  C2,  C3. 


On  the  first  day  of  week  A, ,  one  dose  of  test  sample 
B^  was  instilled  into  each  eye  of  the  rabbits  of  Group  C-,  . 
At  the  same  time,  test  sample  B2  was  administered  to  the 
eyes  of  Group  C2,  and  test  Sample  B3  was  administered  to 
the  eyes  of  Group  C3>   This  treatment  day  was  the  first 
phase  of  the  crossover.   Seven  days  later,  on  the  first 
day  of  week  A2 ,  Group  C2  received  test  sample  B,  ,  Group  C, 
received  test  sample  B2,  and  Group  C-,  was  given  sample 
B.,,  initiating  the  second  phase  of  the  crossover.   The 
third,  and  final  phase  occurred  one  week  later,  on  the 
first  day  of  week  A- ,  at  which  time  Group  C3  was  given 
test  sample  B, ,  Group  C,  received  sample  B2,  and  Group  C- 
sample  B_. 

Measurement  of  the  pupil  diameter  for  each  eye  was 
done  at  intervals  of  0.5,  1,  2,    4,  8,  24,  48,  72,  96  hours 
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postinstillation,  and  converted  to  per  cent  change  in 
pupil  diameter  from  the  respective  mean  resting  value  for 
each  eye.   The  results  for  the  right  eye  and  left  eye 
of  a  test  animal  were  averaged  for  a  single  observation 
period  and  individual  test  ointment.   In  addition,  the 
individual  values  for  all  twelve  animals  for  a  single 
observation  period  and  an  individual  test  ointment  were 
averaged,  yielding  an  overall  mean  response  for  specific 
times  postinstillation. 


Supportive  Studies 

The  following  experiments  were  undertaken  to  further 
characterize  the  ointment  bases  studied  in  this  project 
as  to  their  apparent  pH  upon  progressive  dilution,  the 
tonicity  effects  of  aqueous  solutions  of  these  bases  on 
suspensions  of  red  blood  cells,  and  the  determination  of 
their  respective  melting  points.   Each  of  these  studies 
provides  supportive  evidence  concerning  the  usefulness  of 
these  bases  as  ophthalmic  vehicles  and  additional  infor- 
mation for  the  discussion  of  other  experimental  results. 

Determination  of  Apparent  pH 

A  sufficient  quantity  of  each  base  E-3  and  E-4 
was  produced  and  used  within  2  4-48  hours  of  its  preparation 
for  this  experiment.   Corresponding  quantities  of  each  base 
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containing  1%  (w/w)  atropine  sulfate  were  also  prepared 
for  evaluation.   A  series  of  dilutions  of  each  base  was 
made,  corresponding  to  50%,  25%,  10%,  3%,  2%,  1.5%,  1.0%, 
0.5%,  0.1%  and  0.05%  (w/v) ,  using  carbon  dioxide-free 
distilled  watera.   Centrifuge  at  900  x  g  for  30  minutes. 
Determine  apparent  pH  of  the  supernatant.   Determinations 
were  made  by  immersing  electrodes  into  the  solution, 
which  was  stirred  by  a  magnetic  stirring  bar,  and  allowing 
the  meter  value  to  stabilize  before  a  reading  was  recorded. 

Tonicity  Effects  of  Aqueous  Dilutions  of  Bases  E-3  and  E-4 
on  Suspended  Red  Blood  Cells 

Three  7.0-ml  samples  of  whole  human  blood  (Type  0+) 
were  collected  in  Citrate-Dextrose-Phosphate  (CDP)  tubes 
by  venipuncture.   These  samples  may  be  stored  under  refrigera- 
tion for  up  to  21  days  without  harm  to  the  red  blood  cell 
integrity.   At  the  time  of  testing,  7.0  ml  of  anticoagulated 
blood  was  withdrawn  aseptically  and  transferred  to  a 
sterile  50-ml  glass-soppered  centrifuge  tube,  centrifuged 
at  500  x  g  for  10  minutes  and  the  supernant  plasma  layer 
and  buffy  coat  ring  discarded.   The  remaining  red  blood 
cells  were  gently  resuspended  in  20  ml  of  sterile  normal 
saline  and  centrifuged  again,  discarding  the  supernant. 


Produced  by  bringing  distilled  water  to  a  boil  for 
10-15  min. ,  then  bubbling  filtered  nitrogen  gas  through 
the  water  as  it  cooled  to  room  temperature.   Storage 
was  in  glass-stoppered  glass  reagent  bottle.   pH  of 
water  by  U.S. P.  XIX  method  =  6.95. 
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The  red  blood  cells  were  washed  twice  more  to  remove 
remaining  impurities,  then  gently  resuspended  in  suf- 
ficient sterile  normal  saline  to  make  a  final  volume  of 
7.0  ml  of  stock  suspension.   This  suspension  was  refriger- 
ated and  used  within  24  hours  of  preparation  with  no 
evidence  of  hemolysis.   Each  milliliter  contained  approx- 
imately 5  x  10   red  blood  cells. 

Samples  tested  were  base  E-3,  with  and  without  1%  (w/w) 
atropine  sulfate,  and  base  E-4,  with  and  without  1%  (w/w) 
atropine  sulfate.   Solutions  were  prepared  of  each  sample 
in  concentrations  of  3.0%,  2.0%,  1.0%,  0.5%  and  0.025%  (w/v) 
Five  milliliters  of  sterile  normal  saline  served  as  a 
negative  control  (isotonic,  no  hemolysis)  and  Sterile 
Water  for  Injection,  U.S. P.,  served  as  a  positive  control 
(hypotonic,  hemolysis) .   A  5-ml  quantity  of  each  dilution 
was  transferred  into  a  conical  centrifuge  tube  and  gently 
mixed  with  0.1  ml  of  stock  suspension  of  washed  red  blood 
cells  to  yield  a  1:51  ratio  dilution.   Each  dilution  was 
allowed  to  stand  at  room  temperature  for  30  minutes,  then 
was  centrifuged  at  500  x  g  for  1-2  minutes.   Hemolysis 
was  indicated  by  a  clear,  red  color  of  mixture  with  no  red 
sediment.   As  an  additional  qualitative  test,  one  drop  of 
each  3%  (w/v)  solution  and  one  drop  of  red  blood  ceil 
stock  suspension  were  gently  mixed  on  a  microscope  slide 
and  promptly  observed  for  effects  on  the  red  blood  cell. 
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Approximate  Melting  Points  of  Bases  E-3  and  E-4,  With 
and  Without  1%  (w/w)  Atropine  Sulfate  and  Varying 
Water  Content 

The  purposes  of  these  experiments  were  to  determine 

the  approximate  melting  points  of  bases  E-3  and  E-4  as 

originally  formulated,  to  evaluate  the  effect  on  melting 

point  of  the  addition  of  from  1%  to  5%  (w/w)  water  to  each 

formulation,  to  investigate  the  effect  of  the  plasticizer 

used  in  base  E-4  on  the  melting  point  by  comparison  with 

a  similar  polyethylene  glycol  ointment  without  such  a 

plasticizer,  and  to  determine  the  effect  of  the  addition 

of  1%  (w/w)  atropine  sulfate  to  each  formulation. 

Melting  point  determinations  were  done  using  a 
standard  melting  point  tube  (Thiele  tube)  filled  with 
mineral  oil.   Samples  were  prepared  by  placing  approxi- 
mately 10  mg  of  ointment  in  a  capillary  tube  open  on  both 
ends;  the  end  nearest  the  sample  was  then  sealed  with  a 
heat-resistant  inert  clay.   The  tube  then  was  bent  in  a 
"J"  shape  using  a  pinpoint  heat  source  so  that  the  sample 
rested  in  the  short  lower  portion  of  the  "J"  and  the  open 
end  of  the  capillary  tube  extended  above  the  level  of  the 
mineral  oil.   This  configuration  provided  for  the  observa- 
tion of  the  lowest  temperature  at  which  sample  fluidity 
occurred,  usually  several  degrees  below  the  point  at  which 
the  entire  sample  became  clear. 

Each  determination  was  done  by  attaching  four  sample 
tubes,  duplicate  samples  of  each  of  two  different  prepara- 
tions, to  the  bulb  of  an  accurate  thermometer.   This  was 
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immersed  to  a  point  just  below  the  open  ends  of  the  sample 
tubes  in  the  room- temperature  mineral  oil  bath  contained 
in  the  melting  point  tube.   The  mineral  oil  bath  was  heated 
gradually,  observing  the  lowest  temperature  at  which  flow 
in  each  sample  occurred  and  the  temperature  at  which  the 
sample  melted  to  a  clear  liquid.   The  results  were  listed 
as  the  average  of  duplicate  determinations.   Samples  which 
did  not  exhibit  fluidity  at  140°  were  listed  as  stable 
at  that  temperature. 


CHAPTER  IV 
RESULTS  AND  DISCUSSION 


Preliminary  Studies 

Four  anhydrous,  semi-solid  ointment  bases  and  cor- 
responding dimercaprol  ointments  were  tested  for  irritation 
potential  in  rabbit  eyes.   The  responses  were  compared 
with  those  from  the  similar  administration  of  a  commercial 
bland  sterile  petrolatum  ophthalmic  ointment,  and  those 
of  recommended  standards  consisting  of  ethylene  glycol 
and  its  corresponding  dimercaprol  solution. 

Control 

The  degree  of  irritation  resulting  from  mechanical 
manipulation  (control)  during  administration  was  very 
slight.   The  syringes  which  served  as  unit-dose  containers 
were  sterile  and  had  smooth,  rounded  tips.   The  majority 
of  the  responses  seen  probably  were  the  result  of  eyelid 
manipulation  on  instillation. 

Standard 

Instillation  of  the  commercially  available  sterile 
bland  petrolatum  ophthalmic  ointment  produced  only  slight 
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irritation  also,  though  more  than  could  be  attributed 
solely  to  mechanical  manipulation  effects.   The  irritation 
was  very  transient,  disappearing  in  approximately  6  to 
8  hours  and  was  mainly  in  the  form  of  conjunctival  reddness 
Initial  discomfort  was  noted  on  instillation  of  this 
preparation,  and  was  felt  to  be  a  reaction  to  the  physical 
presence  of  the  sample  and  not  due  to  any  other  cause. 
Results  are  presented  in  Table  7. 

Ethylene  glycol 

Ethylene  glycol  has  been  used  in  a  number  of  prior 
military  trials  of  the  ophthalmic  effects  of  dimercaprol 
and  was  chosen  as  the  standard  for  comparison,  in  conjunc- 
tion with  a  corresponding  5%  (w/w)  solution  of  dimercaprol 
in  this  vehicle.   Ethylene  glycol  produced  a  noticeable 
level  of  irritation,  confined  to  the  conjunctival  membranes. 
Reddness,  vessel  dilation  and  some  swelling  of  the  lower 
conjunctival  sac  were  noted,  with  slight  amounts  of  dis- 
charge from  the  eye.   The  addition  of  5%  (w/w)  dimercaprol 
resulted  in  slightly  higher  irritation  levels  and  five 
instances  of  immediate  reaction  upon  instillation.   The 
production  of  white,  stringy  secretions  at  periods  of  1  to 
6  hours  postinstillation  may  have  been  the  result  of  in- 
creased mucin  secretions.   The  overall  levels  for  both  of 
these  standard  preparations  were  significantly  more  than 
those  of  the  mechanical  control  and  less  than  any  of  the 
other  test  materials  containing  dimercaprol. 
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Base  E-3 

Base  E-3,  a  water-soluble,  Carbopol  -gelled  poly- 
ethylene glycol  formulation,  was  easily  extrudable  from 
the  sample  syringe  and  appeared  to  spread  quickly  over 
the  surface  of  the  eye.   Immediate  irritation  responses 
were  noted  in  three  animals  but  were  short  in  duration. 
Irritation  effects  were  limited  to  reddness  and  swelling 
of  the  conjunctival  tissues.   The  addition  of  5%  (w/w) 
dimercaprol  to  this  base  resulted  in  increased  irritation, 
though  only  slightly  more  than  the  parent  base. 

Base  E-4 

Base  E-4,  a  water-soluble  polyethylene  glycol  ointment 
plasticized  with  1,2, 6-hexanetriol ,  also  exhibited  ease  of 
extrudability  with  good  spreadability  of  samples.   One 
instance  of  immediate  reaction  on  instillation  was  noted. 
Discharge  was  more  prevalent,  however,  than  with  base  E-3 
samples  and  appeared  to  be  mixed  with  undissolved  base. 
The  occurrence  of  apparent  photophobia  in  one  animal  was 
an  isolated  case  and  could  not  be  related  to  this  particu- 
lar base.   When  combined  with  5%  (w/w)  dimercaprol,  no 
apparent  increase  in  irritation  level  could  be  detected, 
and  fewer  instances  of  discharge  were  noted. 

Base  E-5 

Instillation  of  base  E-5,  a  water-soluble,  Carbopol  - 
gelled  polyehtylene  glycol  formulation  containing  hexadecyl 
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alcohol,  produced  transient  irritation  which  was  unremarkable 
in  comparison  to  the  other  test  materials.   Responses  were 
slight  reddness  and  some  discharge.   Addition  of  5%  (w/w) 
dimercaprol  produced  increased  irritation  response  with 
several  cases  of  swelling,  especially  of  the  nictitating 
membrane  of  the  rabbit  eye. 

Base  M-13N 

The  only  anhydrous  oleaginous  base  tested,  M-13N 
possessed  a  consistency  greater  than  that  of  the  other 
test  formulations.   A  micromized  silica-gelled  hexadecyl 
alcohol  preparation,  M-13N  had  poor  spreadability  in  the 
eye;  portions  of  the  material  formed  hydrophobic  clumps, 
some  of  which  were  detectable  in  the  eye  for  as  long  as 
6  hours.   An  immediate  reaction  upon  instillation  was  noted 
in  a  majority  of  the  animals  tested  with  this  formulation, 
followed  by  reddness  and  swelling  of  the  conjunctival 
membranes.   Swelling  progressed  to  the  point  that  the  eye 

could  not  be  opened  for  complete  examination  in  several 
cases.   Discharge  consisted  of  a  copious  white  material 

which  became  yellow  and  crusty  about  6  hours  postinstilla- 
tion  and  remained  in  or  around  the  eye  for  up  to  24  hours. 

No  permanent  damage  to  any  of  the  eyes  tested  could  be 

detected  7  days  postinstillation,  at  which  time  the 

irritative  effects  had  virtually  disappeared. 

Responses  to  base  M-13N  containing  5%  (w/w)  dimercaprol 

were  similar  to  those  described  for  the  parent  base,  though 
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of  greater  intensity.  Clumps  were  again  noted.  No 
permanent  damage  to  any  of  the  eyes  tested  could  be 
detected  7  days  postinstillation. 

A  summary  of  the  quantitative  results  obtained  as 
numerical  scores  from  the  modified  Draize  Eye  Irritancy 
Test  Scale  are  presented  in  Table  8. 

Statistical  Comparisons 

A  multiple  comparison  procedure  was  applied  to  the 
individual  scores  of  each  test  material  for  each  time 
period  of  observation.   The  results  of  this  comparison 
are  presented  in  Table  9.   There  were  consistently  no 
significant  differences  among  the  levels  of  irritation 
produced  by  bases  E-3,  E-4,  standard  ethylenel  glycol, 
and  their  corresponding  dimercaprol  ointments,  though 
each  was  more  irritating  than  the  mechanical  control 
for  the  first  24  hours  postinstillation.   Bases  E-5  and 
M-13N,  when  combined  with  dimercaprol,  were  significantly 
more  irritating  than  the  other  test  materials  for  the 
initial  24-hour  period.   By  the  third  day  postinstillation, 
no  significant  differences  in  the  irritation  levels  could 
be  detected. 

General  Comments 

Slight  initial  irritation  was  caused  by  each  base 
and  ointment  tested;  however,  the  effects  were  transient 
in  the  majority  of  cases.   No  permanent  injury  was 
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produced  in  any  eye  receiving  test  material,  and 
irritation  effects  were  confined  to  increased  tearing  and 
reddness  or  swelling  of  the  conjunctival  membranes. 
Corneal  tissues  and  the  iris  were  not  affected.   Micro- 
scopic cross-sections  of  freshly  enucleated  eyes  of  several 
representative  animals  tested  with  the  sample  materials 
indicated  no  histological  changes  or  corneal  epithelial 
thickening. 

All  test  samples  were  extrudable  at  room  temperature, 
and  each  sample  showed  acceptable  spreadability  on  the  eye 
surface  on  instillation,  except  samples  containing 
base  M-13N. 

Several  factors  contributed  to  the  level  of  irritation 
seen  in  these  tests.   The  water-absorbing  nature  of  the 
anhydrous  water-soluble  bases  E-3,  E-4,  and  E-5  may  have 
caused  a  net  transfer  of  water  from  surrounding  tissues 
immediately  after  administration,  resulting  in  local  tissue 
dehydration  and  irritation.   In  vitro  tonicity  experiments 
with  bases  E-3  and  E-4,  discussed  more  fully  under  the 
section  on  Supportive  Studies,  indicated  that  high  con- 
centrations of  either  of  these  preparations  resulted  in 
partial  lysis  of  standard  red  blood  cell  suspensions. 
Additionally,  the  formation  of  aqueous  solutions  of  these 
two  bases  has,  on  several  occasions,  been  noted  as  being 
exothermic,  or  heat-producing.   If  similar  phenomena  occur 
in  vivo,  local  irritation,  swelling  and  increased 
lacrimation  would  be  the  result. 
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A  few  preliminary  tests  have  indicated  that  at  least 
base  E-3,  containing  Carbopol  -neutralized  resin  salt, 
has  a  small  degree  of  buffering  capability  and  that  the 
concentrated  aqueous  solution  of  this  base  possesses  an 
acid  pH.   If  the  buffer  capacity  of  this  base  exceeds  that 
of  the  lacrimal  fluid  and  the  normal  pH  of  the  eye  is 
suddenly  and  drastically  altered,  the  result  would  be 
intense  pain,  irritation,  tissue  swelling  and  increased 
lacrimation.   This  has  been  noted  as  symptomatic  of  re- 
sponses in  several  animals  receiving  the  water-soluble 
bases.   Buffer  capacity  of  these  bases  has  not  been  ex- 
plored, and  it  is  possible,  in  those  bases  containing 
Carbopol  ,  that  the  acid  resins  have  not  been  completely 
neutralized. 

Dimercaprol  has  been  studied  at  length  in  the  eye  of 
rabbits  and  man,  and  instances  of  local  irritation  as  a 
result  of  its  use  are  commonly  cited.   For  example,  Robson 
and  Scott  (200)  reported  that  dimercaprol  (DTH)  caused 
some  ophthalmic  irritation  upon  instillation  of  a  10% 
solution  in  ethylene  glycol.   It  has  been  noted  that 
present  results  support  these  reports,  in  that  the 
addition  of  5%  (w/w)  dimercaprol  to  any  of  the  test  bases 
caused  some  observable  increase  in  the  level  of  irritation, 
though  these  levels  were  not  always  found  to  be  signifi- 
cantly different  statistically. 

These  arguments  can  apply  only  partially  to  base  M-13N 
and  its  corresponding  dimercaprol  ointment,  in  view  of  the 


178 

anhydrous,  though  non-water  soluble,  character  of  the 
formulation.   Oleaginous  materials  do  not  readily  mix 
with  aqueous  fluids,  and  although  there  exists  a  thin  oil 
film  on  the  surface  of  the  tear  fluid,  the  bulk  of  the 
lacrimal  secretions  are  hydrophilic  in  nature  and  mixing 
does  not  occur  with  spontaneity  when  M-13N  is  administered. 
Hydrophobic  globules  or  clumps  form  and  remain  for  con- 
siderable periods,  resulting  in  irritation  caused  by  their 
physical  presence.   Petrolatum-based  products  do  not 
present  these  problems  because  of  the  low  melting  point 
of  the  preparations,  aiding  in  spreadability  at  body 
temperature. 

Eye  irritation  tests  of  hexadecyl  alcohol  in  rabbit 
eyes  (201)  have  shown  transiently  irritating  effects  when 
applied  full  strength.   As  a  50%  dilution  in  mineral  oil, 
hexadecyl  alcohol  produced  negligible  irritation.   In  man, 
a  30%  solution  in  mineral  oil  resulted  in  local  discomfort 
and  conjunctival  irritation.   Base  M-13N  contains  86%  (w/w) 
hexadecyl  alcohol,  and  it  can  be  assumed  that  this  high 
concentration  is  one  of  the  major  contributory  factors 
in  the  observed  irritation  response  to  this  material. 

Isolated  cases  of  photophobia  in  some  of  the  test 
animals  remains  unexplained.   None  of  the  components 
tested  are  known  to  produce  dilation  of  the  pupil,  a  major 
cause  of  photophobic  reaction. 

Cultures  of  the  test  materials  showed,  in  every 
instance,  no  growth.   Though  the  preparations  were  not 
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specifically  sterilized  before  testing,  the  method  of 
preparation,  that  is,  high  heat  for  extended  periods,  and 
the  use  of  sterile  syringes  as  unit-dose  packages,  probably 
resulted  in  an  essentially  microbe-free  product  at  the 
time  of  administration.   Later  tests  show  that  these  test 
formulations  do  not  support  growth. 

Although  it  would  seem  that  these  preparations  cause 
levels  of  irritation  which  are  perhaps  marginally  acceptable, 
the  reason  for  their  original  development  should  be 
remembered,  that  is,  as  a  vehicle  for  a  dimercaprol  oint- 
ment for  use  in  the  immediate  detoxification  of  ophthalmic 
exposure  to  lewisite.   Bases  E-3  and  E-4  have  been  shown 
to  be  effective  in  this  use  and  low  irritation  potential 
may  be  considered  acceptable. 

The  results  of  this  preliminary  study  indicated 
that  bases  E-3  and  E-4  had  the  lowest  irritation  potential 
of  the  test  materials  investigated  and  produced  irritation 
responses  not  significantly  greater  than  the  comparison 
standard,  ethylene  glycol.   Based  on  these  results,  further 
studies  were  undertaken  with  these  water-soluble  anhydrous 
bases. 


Sterilization  and  Sterility  Assurance  Tests 

This  investigation  was  undertaken  to  find  a  method 
or  methods  suitable  for  the  sterilization  of  small 


180 

quantities  of  bases  E-3  and  E-4.   Proof  of  the  effective- 
ness of  the  methods  used  was  provided  by  the  inclusion 
of  a  biological  indicator  in  the  form  of  a  standardized 
suspension  of  heat-resistant  spores  of  B.  stearothermophilus , 

Preparation  and  Standardization  of  Heat-Resistant  Spore 
Suspension  of  B.  stearothermophilus 

Turbidimetric  determinations  of  a  growing  culture  is 
one  method  of  monitoring  a  newly-inoculated  culture. 
Figure  1  presents  the  results  of  determinations  on  a 
culture  of  vegetative  cells  of  B.  stearothermophilus  in 
Tryptic  Soy  Broth  medium  at  60°.   After  an  initial  lag 
phase  of  approximately  3  hours,  log  phase  growth  begins 
and  continues  for  about  3  hours,  after  which  a  stationary 
phase  begins,  indicating  a  decrease  in  the  rate  of  pro- 
liferation, either  as  a  result  of  microbe  density  or 
limiting  nutriments.   The  rate  of  death  and  the  rate  of 
cell  formation  are  equal.   These  results  suggest  that  the 
optimum  period  for  removal  of  young  vegetative  organisms 
for  use  in  inoculating  sporulation  medium  would  be 
approximately  5  hours  after  initial  broth  inoculation. 
This  procedure  was  used  in  all  subsequent  work  with 
cultures  of  this  organism  and  agreed  with  previously 
referenced  work  (202) . 

Thermal  resistance  in  spores  is  dependent  on  many 
factors,  including  bacterial  species,  pH  and  composition 
of  medium  used  for  sporulation,  the  type  of  heat  to  which 
the  spore  is  exposed,  that  is,  moist  heat  or  dry  heat 
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Figure  1.   Growth  characteristics  for  Bacillus 

stearothermophilus ,  ATCC  12  980,  in  Tryptic 
Soy  Broth  incubated  at  60°.   Turbidimetric 
determination  at  6  25  urn.   Log  phase  growth 
begins  approximately  3  hours  after  inoculation 
and  continues  for  approximately  3  hours. 


182 

sterilization,  and  the  environment  of  the  spore  during 
exposure.   In  general,  the  spores  of  B.  stearothermophilus 
are  used  when  exposure  is  directly  to  moist  heat,  and 
those  of  B.  subtilus  var.  niger  are  used  when  exposure 
is  directly  to  dry  heat  (203) .   In  the  present  investi- 
gation, the  use  of  only  one  type  of  heat-resistant  spore, 
that  of  B.  stearothermophilus ,  even  though  both  moist  heat 
and  dry  heat  methods  were  used,  was  reasonable  in  that 
the  environment  in  which  the  organism  was  placed,  the  test 
ointment  base,  was  the  same  in  both  processes.   Therefore, 
differences  in  killing  time  were,  among  other  things, 
a  function  of  the  temperatures  used  and  heat-transfer 
characteristics  of  the  bases,  rather  than  direct  exposure 
of  the  spore  to  one  method  of  sterilization  or  another. 

Two  factors  which  seem  to  correlate  with  the  heat- 
resistance  of  a  bacterial  spore  are  the  amount  of 
dipicolinic  acid  (DPA;  pyridine-2, 6-dicarboxylic  acid) 
present  in  the  spore  and  the  calcium  content  of  the  spore, 
possibly  as  the  calcium  salt  of  dipicolinic  acid  (204) . 
DPA  is  consistently  found  in  heat-resistant  endospores  and 
is  notable  absent  in  non-resistant  vegetative  cells.   The 
amount  of  DPA  synthesized  in  sporulating  bacteria  increases 
proportionately  to  the  calcium  content  of  the  sporuiation 
medium. 

Previously  referenced  studies  (96-102)  have  indicated 
that  manganese  was  also  a  determining  factor  in  the  quantity 
and  degree  of  heat-resistance  of  spores  obtained  from 
cultures. 
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As  a  result,  a  medium  containing  5  ppm  manganese  and 
36.3  ppm  calcium  in  a  Nutrient  Agar  base  was  found  to  be 
satisfactory  for  use  in  spore  production  for  this 
investigation.   The  pH  of  the  finished  medium  was  deter- 
mined to  be  6.65  at  45°. 

Microbial  death  is  a  statistical  phenomenon,  measured 
by  determining  the  diminution  of  the  number  of  viable 
cells  in  a  population.   The  rate  of  death  due  to  thermal 
destruction  is  dependent  on  the  number  of  viable  cells 
present  in  a  culture  per  unit  volume  at  any  given  time. 
The  order  of  experimentally  determined  death  is  charac- 
teristically logarithmic  and  is  expressed  as  a  survivor 
curve,  plotting  the  logarithm  of  the  number  of  surviving 
organisms  versus  exposure  time  in  minutes,  producing  a 
straight  line  from  which  the  death  rate  constant,  K,  can 
be  computed  from  the  following  expression: 

K  =  k   lo^io  W°     <Ec2-  1) 

in  which  t  =  minutes  or  exposure  period,  N   =  initial 
number  of  organisms  at  the  beginning  of  the  time  interval, 
and  Nt  =  number  of  organisms  surviving  at  the  end  of  the 
time  interval. 

A  more  useful  and  widely  used  value  for  the 
expression  of  the  rate  of  death  is  the  decimal  reduction 
time  or  D  value.   This  value  is  directly  related  to  the 
death  rate  constant,  K,  and  may  be  defined  as  the  time 
required  at  any  temperature  to  destroy  90%  of  the  organsisms. 
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Expressed  another  way,  the  D  value  is  the  time  required 
for  the  survivor  curve  to  traverse  one  log  cycle  (205) . 
It  follows  that  an  organism  which  exhibits  a  high  D  value 
when  exposed  to  a  specific  sterilizing  procedure  would  be 
designated  as  being  more  resistant  than  another  organism, 
or  the  same  organism  cultured  under  different  circum- 
stances ,  which  shows  a  lower  D  value  for  the  same  steri- 
lizing procedure.   Determination  of  this  value  for 
successive  lots  or  batches  of  spore  suspensions  cultured 
by  various  methods,  by  exposure  of  each  to  a  regulated 
sterilizing  procedure,  allows  the  comparison  of  their 
relative  heat-resistance.   This  was  the  method  used  for 
standardization  of  batches  of  B.  stearothermophilus 
spore  suspensions  for  this  investigation. 

Spore  suspensions  were  exposed  to  121.0°  ±  0.5°  for 
specific  periods  of  time  and  the  number  of  surviving  spores, 
listed  in  colony- forming  units  (CFU) ,  was  determined.   The 
log  of  number  of  survivors  was  plotted  versus  time  in 
minutes.   A  representative  determination  is  illustrated 
by  Figure  2,  and  tabular  results  in  Table  10,  for 
Batch  071676.   A  straight-line  plot  was  calculated  using 
a  least-squares  regression  method  and  a  D  value  of  2.75 
was  determined  for  this  spore  suspension.   Perkins  (205) 
lists  some  values  for  representative  organisms  at  121°  as 
4.00  minutes  for  B.  stearothermophilus  spores,  0.10-0.20 
for  obligate  anaerobes  such  as  Type  A  and  B  Clostridium 
botulinum,  0.50-1.50  for  resistant  spores  of  anaerobe 
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Table  10.   Results  of  Standardization  Tests  for  Spore 

Suspension,  Lot  071676,  B.  stearothermophilus , 
ATCC  12980,  at  121°.  "" 


Length  of 
Exposure 
(min) 

Dilution 

Plate 
Count 
(CFU)  a 

Population 

in  Orig. Sample 

(per  2  ml) 

Log  of 
Population 

0 

1:10 

1:122 

1:103 

1:104 

1:105 

TNTCb 
TNTC 
210 
12 
0 

4.2  x  105 

5.62 

1 

1:10 
1:10* 

1:10J 
l:10f 
l:10b 

TNTC 

372 

38 

12 

2 

7.6  x  105 

5.88 

2 

1:10 
1:102 
1:103 
1:10* 

1:105 

TNTC 

TNTC 

136 

11 

3 

2.72  x  106 

6.43 

3 

1:10 

1:102 

1:103 

TNTC 

TNTC 

41 

8.2  x  105 

5.91 

4 

1:10 

1:102 

1:103 

TNTC 

TNTC 

60 

1.2  x  106 

6.08 

5 

1:10 
1:102 

TNTC 
132 

2.64  x  105 

5.42 

6 

1:10 
1:102 

TNTC 
168 

3.36  x  105 

5.53 

7 

1:10 

111 

2.22  x  404 

4.34 

8 

1:10. 
1:10^ 

125 
9 

2.50  x  104 

4.40 

9 

1:10 
1:102 

37 

1 

7.40  x  103 

3.87 

10 

1:10 

N.A.C 

N.A. 

N.A. 

11 

1:10 

46d 

3d 
9.2  x  10J 

3.96d 
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Table  10   (Continued) 


Length  of             Plate 
Exposure              Count 
(min)       Dilution    (CFU) 

Population 

in  Orig. Sample 

(per  2  ml) 

Log  of 
Population 

12 

1:10 

0 

0 

- 

13 

0.1  ml  of 
Sample 

orig. 

0 

0 

- 

14 

0.1  ml  of 
Sample 

orig. 

0 

0 

- 

15 

0.1  ml  of 

orig.   0 

0 

- 

Nega- 
tive 
Control 

0.1  ml  of 
Sample 

orig. 

0 

0 

- 

CFU  =  Colony- forming  Units. 

TNTC  =  Too  Numerous  To  Count,  usually  used  in  plate  where 
CFU  exceeds  400. 

'N.A.  =  Not  available. 

1 
Not  included  in  calculation  of  D-value  due  to  difficulties 

in  sample  collection  and  clumping  of  organism. 


"Negative  control  consisted  of  2  ml  of  sterile  distilled 
water  sealed  in  2-ml  sterile  ampul  and  processed  as 
described  in  text. 
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Figure  2.   Survivor  curve  for  aqueous  suspension  of 

heat-resistant  spores  of  Bacillus  stearothermo- 
philus,  ATCC  12980,  Lot  071676,  at  oil  bath 
exposure  temperature  of  121.0°.   Reciprocal 
of  slope  of  dashed  line  calculated  by  least 
squares  method  yields  approximate  decimal 
reduction  value,  "D  value",  of  2.75  minutes. 
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P. A.  3679,  1.00  for  resistant  nonspore-forming  bacteria, 
yeasts  and  molds,  and  fractions  of  a  minute  for  most 
spores  of  obligate  aerobic  bacilli.  USP  XX  lists  a 
typical  D  value  for  spores  of  B.  stearothermophilus  as 
1.5  for  the  process  of  saturated  steam  at  121°  (206). 

Determination  points  between  2  minutes  and  9  minutes 
exposure  were  used  for  calculation.   Points  prior  to 
2  minutes  represented  variations  due  to  heat-up  times  for 
the  ampul  and  suspension,  and  some  degree  of  heat- 
activation  of  the  suspended  spore  in  that  an  increased 
number  germinated  after  being  heated  for  a  short  time. 
Points  after  9  minutes  usually  showed  effects  of  spore 
clumping  and  accelerated  killing  rates  which  were  not 
constant.   These  spore  suspensions  met  a  general  requirement 
that  such  biological  indicators  exhibit  viability  after 
5  minutes  exposure  at  121°  and  be  killed  after  15  minutes 
exposure.   Repetitive  counts  of  suspensions  prepared  and 
standardized  for  use  indicated  a  consistent  level  of 
approximately  2  x  10   CFU/ml.   Suspensions  were  stored 
at  3°  and  used  within  2  weeks  of  standardization. 

Methods  of  Sterility  Testing  of  Ointment  Bases  E-3  and  E-4 

During  preliminary  trials,  difficulties  were 
encountered  in  attempting  to  recover  low  counts  of  viable 
B.  stearothermophilus  spores  inoculated  into  samples  of 
bases  E-3  and  E-4.   On  the  assumption  that  the  interference 
was  due  to  one  or  more  of  the  base  components,  and  because 
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further  dilution  of  the  sample  did  not  appear  to  improve 
recovery,  an  alternate  medium  for  direct  recovery  was 
tried.   Designated  as  TSB-L-T20  medium,  it  improved 
recovery  significantly  and  was  used  throughout  the  tests 
for  sterility  with  this  organism.   In  growth  promotion 
tests  of  spore  recovery  at  less  than  100  CFU  inoculation 
levels,  TSB-L-T20  medium  gave  positive  growth  results, 
comparing  favorably  with  Tryptic  Soy  Broth  Medium. 

Bacteriostasis  effects  of  test  samples  on  the  re- 
coverability  of  B.  stearothermophilus  spores  were  neglible 
when  TSB-L-T20  medium  was  used  as  the  initial  diluting 
medium.   All  subcultures  of  base  E-3  and  E-4  samples 
from  inoculated  flasks  were  positive  for  growth.   No 
growth  was  seen  in  uninoculated  flasks  of  medium. 

Sterility  assurance  test  procedures  in  current 
official  compendia  are  of  two  basic  types.   One  is  the 
direct  method  which  allows  the  test  sample  to  be  inoculated 
directly  into  the  appropriate  sterile  culture  medium. 
The  other  is  the  bacterial  membrane  filter  method  in  which 
the  sample  is  solubilized  or  dissolved  in  a  nontoxic 
sterile  duluting  fluid  which  is  then  filtered  through  a 
bacterial-retentive  membrane  filter.   The  membrane  is 
washed  to  remove  inhibitory  substances  contained  in  the 
sample  and  then  transferred  aseptically  to  an  appropriate 
sterile  culture  medium.   Of  the  two  methods,  the  latter 
is  usually  considered  to  be  the  more  sensitive,  where 
applicable. 
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Standard  equipment  specifically  designed  for  use  in 
bacterial  membrane  filtration  is  available  and  was  used 
in  an  effort  to  test  samples  of  bases  E-3  and  E-4. 
Samples  were  diluted  in  sterile  water  to  various  concen- 
trations, and  even  though  optically  clear  solutions  were 
formed  in  each  instance,  the  filtration  of  more  than  a 
few  milliliters  of  aliquot  dilutions  in  Tryptic  Soy  Broth 
invariably  resulted  in  a  cessation  of  flow.  Filters  were 
coated  with  a  film  which  prohibited  flow,  the  samples  of 
base  E-3  being  more  susceptible  to  this  problem  than  those 
of  base  E-4.   An  alternative  method  in  which  the  Carbopol 
resin  was  precipitated  using  a  diluting  fluid  containing 
1.6%  calcium  chloride  and  the  resultant  supernatant  layer 
then  filtered,  also  proved  unsuccessful.   Filters  which 
were  cultured  after  small  volumes  were  filtered  through 
showed  variable  growth  results  for  inoculated  samples. 
The  bacterial  membrane  filtration  method  was  determined 
to  be  impractical  for  use  with  the  equipment  and  pressures 
or  vacuums  available.   Emphasis  was  placed  on  the  direct 
method  of  sterility  testing. 

Dry  Heat  Sterilization  Method 

Samples  of  50  g  each  of  base  E-3  and  base  E-4, 
inoculated  with  equivalent  amounts  of  standardized  spore 
suspension,  were  dry  heat  sterilized  for  varying  periods 
from  0  to  150  minutes,  then  cultured  for  indication  of 
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surviving  spores.   The  minimum  exposure  time  at  which  no 
viable  organisms  were  shown  to  exist  by  the  direct  method 
of  sterility  testing  was  reported. 

Base  E-3  samples  required  an  exposure  of  60  minutes 
at  a  temperature  of  140°  in  the  hot  air  oven  before 
duplicate  samples  showed  no  viable  spores  remained.   Control 
samples  of  this  base  which  were  inoculated,  but  not  dry- 
heat  treated,  exhibited  positive  cultures  immediately  after 
inoculation  and  3  hours  postinoculation,  indicating  that 
the  sterilization  process  was  responsible  for  the  lack  of 
spore  viability.   Uninoculated  samples  were  negative  on 
culture. 

Samples  of  base  E-4  also  required  60  minutes  exposure 
at  140°  to  dry  heat  for  negative  culture  results.   Inocu- 
lated control  samples  showed  positive  cultures  immediately 
and  3  hours  postinoculation,  and  uninoculated  samples 
were  negative  for  growth  on  culture. 

Uninoculated  samples  of  each  base  exhibited  negative 
results  when  subcultured  in  Fluid  Thioglycolate  Medium  and 
incubated  at  30-32°  for  not  less  than  7  days. 

Moist  Heat  Sterilization  Method:   Oil-Bath  Simulation 

It  has  been  stated  previously  that  the  normal  steam 
autoclave  is  an  inexact  instrument  for  the  determination 
of  sterilization  times,  due  to  the  necessity  for  variable 
chamber  warm-up  temperatures  and  extended  periods  of  waiting 
for  chamber  pressures  to  decrease  to  a  safe  level  before 
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removal  of  samples.   Because  of  similarities  in  heat- 
transfer  characteristics  from  liquid  to  glass  surface, 
a  thermostatically  controlled  oil  bath  was  used  to 
establish  the  primary  sterilization  times  for  each 
ointment  base  sample,  then  these  times  were  verified  by 
exposure  of  identical  samples  for  the  specified  length  of 
time  in  the  steam  autoclave  at  the  same  temperature. 
Equivalent  inoculation  levels  of  standardized  spore 
suspensions  were  used  in  each  case. 

The  dangers  of  attempting  to  use  this  as  a  general 
procedure  for  establishing  primary  sterilization  times 
for  other  materials  are  obvious.   The  bases  being  tested 
are  essentially  anhydrous  semi-solids  which  do  not  boil 
at  121°;  therefore,  the  build-up  of  steam  pressure, 
especially  in  the  form  of  expanding  bubbles,  and  the 
resultant  possibility  of  explosion,  or  at  least  violent 
splattering,  is  avoided  at  atmospheric  pressure. 

Samples  of  inoculated  base  E-3  showed  negative  cultures 
on  all  samples  exposed  to  90  minutes  or  more  of  121° 
in  the  oil  bath.   Inoculated  controls  exhibited  positive 
cultures  immediately  and  6  hours  postinoculation.   Uninocu- 
lated  control  samples  were  negative  for  growth. 

Base  E-4  inoculated  samples  showed  negative  cultures 
on  all  samples  exposed  to  30  minutes  or  more  at  121°. 
Inoculated  controls  exhibited  positive  cultures  immediately 
and  6  hours  postinoculation,  and  cultures  of  uninoculated 
control  samples  were  negative. 
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Moist  Heat  Sterilization  Method:   Steam  Sterilization 

Inoculated  samples  of  base  E-3  and  base  E-4  auto- 
claved  for  90  minutes  and  30  minutes,  respectively,  at 
121°,  fast  exhaust,  showed  negative  cultures  upon  testing. 

Sterilization  of  Individual  Components 

Dry  heat  sterilization  of  polyethylene  glycols  is 
a  method  of  accepted  effectiveness.   Cultures  of  each  of 
the  sterilized  glycols  showed  no  growth  on  testing. 

Sterilizationof  1 , 2 , 6-hexanetriol  by  dry  heat  at 
140°  for  2  hours  yielded  a  product  which  showed  negative 
cultures  when  tested  for  sterility.   No  apparent  change 
in  the  material  occurred;  however,  the  method  of  sterili- 
zation may  not  be  optimum.   First,  in  closed  containers 
using  either  dry  heat  or  moist  heat,  there  is  a  signifi- 
cant pressure  build-up  with  this  chemical,  noted  with  the 
material  alone  and  also  with  sterilization  of  base  E-4. 
Second,  company  literature  for  1 , 2 , 6-hexanetriol  indicates 
a  flash  point  of  79°  and  a  boiling  point  of  178°;  the 
possibility  of  fire  is  greater  in  dry  heat  sterilization 
methods,  but  did  not  occur  here,  probably  because  of  the 
tightly  fitted  aluminum  foil  covering  on  sample  beakers. 
Moist  heat  or  membrane  filtration  methods  of  sterilization 
may  be  preferred,  but  were  not  evaluated  in  this  experiment, 

Samples  of  Ethomeen  C/25  were  dry-heat  sterilized 
at  140°  for  2  hours,  and  cultures  were  negative  for  growth 
when  tested.   Similar  samples  were  also  sterilized  at  121° 
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for  1  hour  by  autoclaving,  with  the  same  result.   In  either 
case,  no  color  change  or  alteration  in  viscosity  was 

apparent  visually.   The  ability  of  the  amine  to  neutralize 

p 
Carbopol   940  resin  appeared  to  be  unaltered.   Bacterial 

membrane  filtration  was  unsuccessful  for  this  material. 

Dry  heat  sterilization  is  the  method  of  choice  for 

most  heat-stable  powders,  though  gaseous  sterilization  is 

also  used.   Product  literature  (207)  indicates  that  heat- 

p 

aging  of  Carbopol  resins  at  300 °F  for  as  long  as  2  hours 
has  little  effect.  Decomposition  is  accompanied  by  color 
formation  and  the  development  of  hard,  insoluble  granules. 

Small  samples  of  Carbopol   940  resin  were  dry-heat 
sterilized  at  140°  for  1  hour.   White,  hard  granules  which 
could  not  be  reduced  in  a  mortar  and  pestle,  and  were  not 
dispensible  in  polyethylene  glycol  200,  resulted  in  each 
instance.   Granules  could  be  wetted  with  water,  forming  a 

gelatinous  mass.   On  separation  of  sufficient  fine  powder 

p 
of  Carbopol   resin  from  a  sterilized  sample  for  testing, 

dispersions  in  polyethylene  glycol  400  did  not  gel  when 

p 
neutralized  with  unsterilized  Ethomeen   C/25  in  the 

appropriate  quantities,  and  suspensions  of  the  resin  in 

broth  medium  showed  no  growth  on  incubation. 

p 
Gaseous  sterilization  of  Carbopol   940  using  ethylene 

oxide  also  resulted  in  the  formation  of  white,  hard 

granules  with  properties  similar  to  those  observed  with 

the  dry- heat  sterilized  resins. 
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In  dry-heat  sterilization  of  CarbopolR,  decomposition 
and  dehydration  of  the  resin  was  considered  to  be  the 
major  effects,  resulting  in  an  unusable  product.   Ethylene 
oxide  is  known  to  be  an  extremely  reactive  gas ,  used 
primarily  in  the  synthesis  of  organic  polymers  (208) , 
but  the  hard  granules  are  more  likely  the  result  of 
hydration  in  this  method,  based  on  the  assumption  that 
initial  pre-humidif ication  of  the  chamber  partially  dis- 
solved the  resin,  causing  it  to  clump  together.   Further 
heating  and  drying  stages  allowed  the  formation  of  the 
hardened  granules.   However,  these  effects  were  not 
explored. 

Small  quantities  of  the  Carbopol  -thickened  base, 
E-3,  were  prepared  aseptically  using  sterilized  components, 
and  the  resultant  product  did  not  gel.   Substitution  of 
nonsterilized  Carbopol   940  resin  resulted  in  a  gelled 
product  no  different  in  appearance  from  the  standard  base. 
Small  quantities  of  the  plasticized  polyethylene  glycol 
base,  E-4,  were  prepared  aseptically  using  sterilized 
components,  resulting  in  an  acceptable  preparation 
identical  in  appearance  with  the  standard  base.   Each 
preparation  was  tested  for  sterility  and  negative  cultures 
resulted. 

General  Comments 

The  major  effect  of  sterilization  on  samples  of 
base  E-3,  regardless  of  the  method,  was  a  slight  color 
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change,  usually  from  colorless  to  light  amber.   Though 
some  decrease  in  consistency  was  observed  at  high  tempera- 
tures, no  apparent  change  was  evident  on  cooling,  and  no 
separation  was  noted  in  samples  of  base  E-3. 

Base  E-4  showed  no  color  change,  but  liquified  at 
temperatures  used  for  sterilization  and  formed  a  solid 
product  if  allowed  to  cool  without  stirring.  Constant 
stirring  of  the  cooling  base  resulted  in  an  acceptable 
preparation. 

For  the  base  test  samples  used,  fast  exhaust  of  the 
autoclave  following  the  sterilization  cycle  was  applicable. 
Small  quantities,  the  anhydrous  nature  of  the  preparations, 
and  the  release  of  entrained  bubbles  during  the  heating 
cycle  made  this  possible.   Dry  heat  sterilization  was 
affected  also  by  the  anhydrous  nature  of  the  preparations; 
products  with  more  than  10%  water  moisture  can  lead  to 
explosions  when  dry  heat  is  used  (209) . 

Longer  sterilization  times  were  noted  for  both  bases 
at  the  autoclave  temperature  of  121°  for  those  observed 
at  140°  for  dry  heat.   At  the  lower  temperature,  differences 
between  bases  E-3  and  E-4  may  be  due  to  consistency 
differences,  discussed  in  a  following  section.   At  the 
higher  temperature,  similarities  between  the  sterilization 
times  may  be  due  to  poorer  heat  transfer  from  air  to 
glass,  resulting  in  slower  temperature  increases  and 
negating  the  differences  attributable  to  consistency 
changes.   This  process  was  not  explored. 
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A  contributing  factor  in  the  negative  results 
obtained  on  sterility  tests  was  the  probable  low  microbial 
bioburden  of  each  component  as  received  from  the  manu- 
facturer.  Sterility  tests  of  completed  bases  before  the 
addition  of  a  biological  indicator  showed  no  evidence  of 
microbial  contamination. 

The  method  of  biological  indicator  addition  can 
influence  the  length  of  time  required  for  sterilization. 
In  the  present  study,  aqueous  suspensions  of  spores  were 
used,  resulting  in  a  final  inoculated  preparation  water 
content  of  approximately  1%.   For  some  compounds,  for 
example,  a  Furacin   impregnated  gauze  (210) ,  a  1  to  5% 
water  content  is  sufficient  for  the  use  of  autoclave 
sterilization  rather  than  a  dry  heat  method.   In  prelimi- 
nary trials,  dry  spore  preparations  were  prepared  by 
aseptic  drying  of  filter  paper  strips  impregnated  with 
standardized  aqueous  spore  suspensions  of  B.  stearothermo- 
philus.   The  dried  strips  were  immersed  in  50-g  samples 
of  bases  E-3  and  E-4.   The  inoculated  samples  were 
sterilized  by  dry  heat  at  140°  for  various  periods  of  time 
and  the  strips  were  cultured  immediately.   Results  were 
not  consistent,  and  this  experimental  approach  was  not 
investigated  further. 
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Heat  Transfer  Characteristics  of  Covered 
and  Uncovered  Samples  of  Base  E-3  and  E-4 

Two  factors  that  apparently  contribute  greatly  to 
the  length  of  time  required  for  sterilization  are  whether 
the  samples  are  covered  or  not,  and  the  consistency  of 
the  sample  at  the  sterilization  temperature.   Some  dry 
heat  sterilization  methods  require  treatment  of  the 
uncovered  sample  and  covering  material  separately,  with 
aseptic  covering  immediately  before  removal  from  the  oven, 
for  example,  thin-layer  ointment  sterilization  in  a  Petri 
dish.   Liquid  preparations  can  be  sterilized  more  rapidly 
than  their  solid  or  semi-solid  counterparts  at  the  same 
temperature,  based  on  the  increased  freedom  of  molecular 
movement  in  the  liquid  state.   This  experiment  illustrated 
the  influence  of  these  factors  on  samples  of  bases  E-3 
and  E-4. 

The  individual  results  of  sample  determinations  of 
covered  and  uncovered  bases  are  presented  in  Table  11. 
Figures  3  and  4  show  that  the  uncovered  sample  of  base  E-3 
has  larger  temperature  differences  between  the  edge  and 
center  than  those  of  the  uncovered  base  E-4.   The  center 
temperature  approaches,  but  does  not  reach,  121°  in  both 
samples.   Figure  5  illustrates  the  differences  between 
corresponding  temperature  gradients  (AT)  at  various  times 
for  the  uncovered  base  samples.   A  maximum  AT  occurred  at 
6  minutes  for  each  base  sample.   The  significance  of  this 
observation  was  not  determined. 
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Figure  3.   Heat  transfer  characteristics  of  50-g  sample 
of  base  E-3  in  uncovered  glass  container 
immersed  in  oil  bath  at  121.0°. 
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Figure  4.  Heat  transfer  characteristics  of  50-g 
sample  of  base  E-4  in  uncovered  glass 
container  immersed  in  oil  bath  at  121.0° 
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Figure  5.   Difference  in  temperature  (AT)  between  edge 
and  center  temperatures  vs  time  in  50-g 
samples  of  bases  E-3  and  E-4  in  uncovered 
glass  containers  immersed  in  oil  bath  at 
121.0°. 
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Covering  the  base  samples  resulted  in  reducing  the 
temperature  gradient  in  each  preparation,  more  noticeably 
in  base  E-3  where  the  difference  was  reduced  by  approx- 
imately one-half  or  from  about  10°  to  5°.   The  tight  foil 
cover  apparently  served  as  an  additional  radiating  source 
for  heat  and  an  air  trap  to  prevent  heat  radiation. 
Comparisons  of  individual  temperature  differences  for 
covered  samples  of  bases  E-3  and  E-4  are  shown  in  Figures  6 
and  7;  differences  in  corresponding  temperature  gradients 
(AT)  at  various  times  for  the  covered  base  samples  are 
presented  in  Figure  8.   Again,  a  maximum  AT  was  observed 
at  6  minutes  for  each  sample,  the  significance  of  this 
peak  being  undetermined. 

Undoubtedly,  liquif ication  of  sample  bases  E-4 
influenced  the  observed  small  temperature  gradients  of 
both  the  uncovered  and  covered  samples  in  comparison  to 
those  of  base  E-3,  which  did  not  liquify.   Base  E-4 
melted  at  approximately  50°,  at  which  point  the  temperature 
differences  between  the  edge  and  center  decreased  to  about 
1°.   This  corresponds  with  an  increase  in  heat  transfer 
efficiency  because  of  increased  molecular  motion.   Samples 
of  Base  E-3,  however,  did  not  liquify,  though  consistency- 
thinning  at  the  higher  temperatures  accounts  for  some 
decrease  in  the  temperature  gradient  observed.   Much  of 
the  energy  transferred  was  lost  in  base  E-3  samples  by 
transformation  into  molecular  movement  in  a  restricted 
environment. 
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Figure  6.   Heat  transfer  characteristics  of  50-g 
sample  of  base  E-3  in  covered  glass 
container  immersed  in  oil  bath  at  121.0' 
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Figure    7.      Heat   transfer   characteristics   of    50-g 
sample  of   base  E-4    in  covered   glass 
container   immersed    in   oil   bath  at   121.0° 
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Figure  8.   Difference  in  temperature  CAT)  between  edge  and 
center  temperatures  vs  time  in  50-g  samples 
of  bases  E-3  and  E-4  in  covered  glass  containers 
immersed  in  oil  bath  at  121.0°. 
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Antimicrobial  Preservative 
Effectiveness  in  Bases  E-3  and  E-4 

The  purpose  of  these  experiments  was  to  determine  the 
effectiveness  of  six  commonly  used  preservatives  or  pre- 
servative sytems  in  Bases  E-3  and  E-4  against  standard 
inocula  of  S.  aureus,  P.  aeruginosa,  and  A.  niger.   Three 
methods  were  used  to  test  samples:   1)  a  tube  dilution 
or  direct  transfer  method;  2)  a  zone  of  inhibition  method; 
and,  3)  a  surface  inoculation  method.   The  first  and 
second  methods  were  employed  for  tests  using  the  bacteria 
S.  aureus  and  P.  aeruginosa,  and  the  third  method,  for  the 
fungal  growth  potential  of  A.  niger  spores. 

Tube  Dilution  Method 

Preparatory  Testing.   The  validity  of  the  results 
of  these  tests  rests  largely  upon  the  adequacy  of  a 
demonstration  that  the  test  specimens  to  which  they  are 
applied,  that  is,  the  bases,  do  not,  of  themselves,  inhibit 
the  multiplication,  under  the  test  conditions,  of  micro- 
organisms that  may  be  present  (211) .   Specific  preserva- 
tive inhibitory  media  used  in  these  tests  are  listed  in 
Table  12. 

The  results  of  preparatory  tests  of  growth  potential 
for  each  organism  used  on  the  appropriate  medium  and  in 
the  presence  of  each  type  of  test  sample  are  summarized 
in  Table  13.   Both  bacterial  species  grew  well  on  the 
various  specific  inhibitory  media  used  after  incubation. 
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Table  13, 


Preparatory  Tests  of  Specific  Inhibitory  Media 
and  Test  Specimens.   Results  of  24  to  48-hour 
incubation  of  triplicate  cultures  from  samples 
inoculated  with  S.  aureus  or  Ps.  aeruginosa. 


Resultd:   No.  of 

Tubes  in  Which 

Sample3 

Medium 

Inoculum0 

Growth  is  Evident 

Base  E-3 

VI 

S.A. 

3 

E-3  with 

BZK 

IV 

S.A. 

3 

E-3  with 

BZK/EDTA 

IV 

S.A. 

3 

E-3  with 

PBS/EDTA 

V 

S.A. 

3 

E-3  with 

MP/PP 

III 

S.A. 

3 

E-3  with 

p-Chl-m-Xy 

I 

S.A. 

3 

E-3  with 

Chlorob. 

II 

S.A. 

3 

Base  E-4 

VI 

S.A. 

3 

E-4  with 

BZK 

IV 

S.A. 

3 

E-4  with 

BZK/EDTA 

IV 

S.A. 

3 

E-4  with 

PBS/EDTA 

V 

S.A. 

3 

E-4  with 

MP/PP 

III 

S.A. 

3 

E-4  with 

p-Chl-m-Xy 

I 

S.A. 

3 

E-4  with 

Chlorob. 

II 

S.A. 

3 

Base  E-3 

VI 

P. A. 

3 

E-3  with 

BZK 

IV 

P. A. 

3 

E-3  with 

BZK/EDTA 

IV 

P. A. 

3 

E-3  with 

PBS/EDTA 

V 

P. A. 

3 

E-3  with 

MP/PP 

III 

P. A. 

3 

E-3  with 

p-Chl-m-Xy 

I 

P. A. 

3 

E-3  with 

Chlorob. 

II 

P. A. 

3 

Base  E-4 

VI 

P. A. 

3 

E-4  with 

BZK 

IV 

P. A. 

3 

E-4  with 

BZK/EDTA 

IV 

P. A. 

3 

E-4  with 

PBS/EDTA 

V 

P. A. 

3 

E-4  with 

MP/PP 

III 

P. A. 

3 

E-4  with 

p-Chl-m-Xy 

I 

P. A. 

3 

E-4  with 

Chlorob 

II 

P. A. 

3 

Inhib.  Medium  I 

-, 

S.A. 

3 

Inhib.  Medium  II 

- 

S.A. 

3 

Inhib.  Medium  III 

- 

S.A. 

3 

Inhib.  Medium  IV 

- 

S.A. 

3 

Inhib.  Medium  V 

- 

S.A. 

3 

Inhib.  Medium  VI 

- 

S.A. 

3 
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Table  13   (Continued) 


Sample 


Inhib.  Medium  I 

Inhib.  Medium  II 

Inhib.  Medium  III 

Inhib.  Medium  IV 

Inhib.  Medium  V 

Inhib.  Medium  VI 


Medium   Inoculum 


P. A. 
P. A. 
P. A. 
P. A. 
P. A. 
P. A. 


Sabourad  Dextrose  Agar  - 


A.N. 


Result  :   No.  of 
Tubes  in  Which 
Growth  is  Evident 


3 
3 

3 
3 
3 
3 


BZK  =  benzalkonium  chloride,  0.01%  (w/w) ;  EDTA  =  disodium 
salt  of  ethylenediaminetetraacetic  acid,  0.01%  (w/w); 
PBS  =  polymyxin  B  sulfate  1000  u/g;  MP  =  methylparaben, 
0.1%  (w/w);  PP  =  propyl  paraben  0.02%  (w/w); 
p-Chloro-m-Xylenol,  0.03%  (w/w);  Chlorob  =  Chlorobutanol, 
0.5%  (w/w). 

Refers  to  Specific  Inhibitory  Medium  described  in 
Table  12. 


'S.A.  =  S.  aureus;  P. A.  =  P_s.  aeruginosa;  A.N.  =  A.  n 


iger. 


Results  are  listed  as  the  number  of  tubes  showing  growth 
out  of  total  of  3  tubes. 
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Growth  was  noted  also  in  the  presence  of  both  unpreserved 
and  preserved  test  samples  of  both  bases  E-3  and  E-4  in 
the  appropriate  inhibitory  media,  indicating  sufficient 
inhibition  of  the  preservative  system.   Spores  of  A.  niger 
grew  readily  on  slants  of  fresh  Sabourad  Dextrose  Agar; 
growth  in  the  presence  of  preserved  or  unpreserved  testing 
was  done  and  is  reported  in  a  later  section. 

The  method  used  in  these  preparatory  tests  was  to 
inoculate  the  test  base  sample  with  a  specific  micro- 
organism, disperse  this  inoculum  thoroughly,  and  transfer 
representative  aliquots  of  the  test  sample  into  tubes  of 
specific  inhibitory  medium.   The  transfer  was  complete  in 
less  than  2  minutes  postinoculation.   The  assumption  made 
here  was  that  the  microorganism  was  essentially  unaffected 
by  such  a  brief  contact  with  the  test  sample,  an  assumption 
at  least  in  part  supported  by  the  results  obtained. 
However,  even  such  brief  contact  may  have  killed  large 
numbers  of  the  inoculum  and  growth  could  still  be  seen. 
An  alternative  method,  though  not  investigated  here, 
would  have  been  to  introduce  the  microbial  inoculum  into 
the  medium  first,  followed  by  introduction  and  mixing  of 
the  test  base  sample,  preventing  any  prior  contact  between 
test  sample  and  organism.   I  feel  that  substantially  the 
same  results  would  have  been  observed. 

Tube  Dilution  Procedure.   Results  of  the  tube 
dilution  test  are  presented  in  Table  14.   The  data  indicate 
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a  lack  of  effectiveness  against  S.  aureus  of  the  preserva- 
tive systems  at  the  levels  used  in  base  E-3  preparations, 
each  requiring  more  than  8  hours  to  kill  the  inoculum,  with 
the  exception  of  chlorobutanol  which  required  more  than 
2  hours.   Unpreserved  base  E-3  exhibited  apparent  antimicro- 
bial effects  on  its  own,  killing  the  inoculum  between 
2  and  8  hours  post  inoculation. 

More  graphic  evidence  of  this  effect  can  be  seen  in 
the  results  of  base  E-3  preparations  inoculated  with 
P.  aeruginosa.   No  growth  was  observed  in  any  of  the  samples 
15  minutes  postinoculation.   One  conclusion  could  be  that 
these  data  are  the  result  of  the  antimicrobial  properties 
of  the  base  E-3  component  above. 

Preserved  preparations  of  base  E-4  required  more  than 
8  hours  to  kill  the  S.  aureus  inoculum,  with  the  exceptions 
of  those  preparations  containing  benzalkonium  chloride 
which  required  more  than  24  hours.   These  results  reflect 
also  an  ineffectiveness  of  preservation  action  at  the  levels 
used  in  this  test  when  the  criteria  of  the  preparation's 
use  as  a  multidose  ophthalmic  product  are  considered. 

The  results  of  preserved  base  E-4  preparations  against 
an  inoculum  of  P.  aeruginosa  provide  a  clear  example  of 
the  effectiveness  of  a  combination  of  polymyxin  B  sulfate 
and  ethylenediaminetetraacetate  disodium  as  a  preservative 
system,  killing  the  inoculum  within  0.5  hours  postinocula- 
tion.  The  remaining  preparations  required  more  than  1  hour 
to  kill  the  inoculum  and  were  no  more  effective  than  the 
unpreserved  base  E-4  alone. 
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Microorganisms  recovered  from  test  samples  were 
subcultured  on  specific  media  and  characterized  as  to 
microscopic  and  macroscopic  morphology,  coagulase  reaction, 
and  fluorescein  and  pyocyanin  production.   Staphylococcus 
organisms  retained  their  coagulase-positive  character  and 
Pseudomonas  isolates  produced  both  fluorescein  and 
pyocyanin.   Morphological  characteristics  of  isolates  were 
unchanged  from  those  of  the  original  inoculates. 

In  general,  the  results  of  the  tube  dilution  tests 
indicated  that,  in  view  of  the  protracted  killing  times, 
the  preservative  systems  used  were  not  sufficiently 
effective  at  these  concentrations  against  two  bacteria 
known  to  be  pathogenic  in  the  eye.   Some  degree  of  apparent 
antimicrobial  activity  was  attributable  to  the  unpreserved 
bases  E-3  and  E-4  alone,  with  the  greater  effect  produced 
by  base  E-3  against  each  organism.   An  exception  to  these 
observations  was  the  test  sample  of  base  E-4  preserved 
with  a  combination  of  polymyxin  B  sulfate  and  ethylene- 
diamine  tetraacetate  disodium.   As  a  matter  of  reference, 
an  acceptable  preservative  system  should  effectively  kill 
the  inoculum  used  within  the  probable  length  of  time 
between  multi-dose  use,  a  period  which  varies  with  the 
product  developed. 

Several  reasons  for  the  length  of  time  necessary  to 
kill  the  standard  inoculum  may  be  listed.   Polyethylene 
glycols  of  various  molecular  weights  have  been  involved 
in  sorption  of  certain  preservatives,  preventing  sufficient 
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free  concentrations  to  exist  for  effective  antimicrobial 
activity.   As  the  major  vehicles  for  the  bases  used 
were  polyethylene  glycols,  this  mechanism  may  have  had  some 
effect,  especially  in  the  case  of  methylparaben/propylpara- 
ben  use. 

The  presence  of  water  is  necessary  for  most  microbial 
life  and  for  preservative  action.   Both  bases  E-3  and  E-4 
are  anhydrous  preparations  which  can  combine  with  the  small 
amounts  of  water  added  as  part  of  the  inoculum  to  form 
hydrogen  bonding  sufficiently  strong  enough  to  eliminate 
the  existence  of  any  "free"  water  in  the  preparation. 
Coupled  with  the  lack  of  nutrients  in  the  preparation,  the 
lack  of  free  water  creates  an  environment  which  does  not 
support  or  promote  bacterial  survival  and  growth. 

Zone  of  Growth  Inhibition  Method 

The  purpose  of  these  tests  was  to  compare  the  relative 
antimicrobial  activity  of  each  preservative  system  with  the 
activity  of  the  corresponding  unpreserved  base  vehicle  and 
that  of  an  aqueous  solution  of  the  preservative  or  preserva- 
tive combination,  at  the  same  concentration,  by  measuring 
the  zones  of  microbial  growth  inhibition  produced  by  each. 
The  aqueous  solution  of  the  preservative  being  tested  was 
considered  to  be  the  standard  against  which  the  test 
samples  were  compared.   The  larger  the  measured  zone  of 
growth  inhibition,  the  more  effective  was  the  antimicrobial 
activity  of  the  test  sample.   Measurements  of  8.0  mm 
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represented  the  diameter  of  the  well  and,  therefore,  no 
antimicrobial  activity.   Figure  9  illustrates  a  typical 
sample  plate  incubated  as  described  and  clearly  shows 
zones  of  growth  inhibition  around  specific  test  samples. 

The  premise  for  this  method  is  that  a  substance 
having  antimicrobial  activity,  having  been  placed  in  a 
well  such  as  described,  will  prevent  the  growth  of  the 
test  microorganism  for  a  specific  distance  around  the  well 
by  diffusion  of  the  antimicrobial  substance  into  the  sur- 
rounding medium.   The  diameter  of  the  zone  of  inhibited 
growth,  a  concentric  circular  area  around  the  well  con- 
taining the  sample,  can  be  related  to  the  antimicrobial 
effectiveness  of  the  tested  material;  the  relative 
effectiveness  of  various  test  samples  against  the  test 
organism  can  be  compared  using  carefully  controlled, 
duplicate  plate  preparations. 

No  attempt  was  made  to  quantitate  the  measured  zones 
as  to  absolute  activity,  such  as  the  number  of  bacteria 
killed;  hence,  the  data  reflect  only  relative  values 
which  can  be  used  for  comparison  with  each  other.   The 
various  test  samples  were  evaluated  against  standard 
bacterial  inoculi  of  S.  aureus  and  P.  aeruginosa. 

Resulting  diameters  of  zones  of  inhibition  for 
test  samples  of  preserved  and  unpreserved  bases  E-3  and  E-4 
are  presented  in  Table  15.   These  data  were  evaluated 
statistically  by  two  methods.   The  Studentized  Range 
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Figure  9.   Example  of  developed  plate  with  zones 
of  inhibition  surrounding  wells  of 
samples.   Test  against  Staphylococcus  aureus, 
ATCC  6538,  using  bases  E-3  and  E-4, 
unpreserved  or  containing  0.1%  (w/w) 
benzalkonium  chloride,  and  aqueous  standard 
solution  of  0.1%  (w/w)  benzalkonium  chloride. 
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Procedure  (212)  is  a  method  of  comparison  of  multiple 
samples  to  see  if  they  are  all  drawn  from  the  same  popula- 
tion, and  is  one  of  the  most  conservative  of  the  multiple 
comparison  methods. 

Table  16  presents  the  results  of  a  comparison  of  the 
ranked  means  of  zone  diameters  for  unpreserved  and  pre- 
served bases  E-3  and  E-4  against  S.  aureus  and  P.  aeruginosa 
using  the  Studentized  Range  Multiple  Comparison  Procedure. 
Each  base /preservative  combination  is  compared  against  a 
control,  defined  as  an  8.0  mm  zone,  and  the  average  aqueous 
standard  solution  zone  diameter  for  that  preservative 
system. 

The  results  for  base  E-3  test  samples  indicated  that, 
for  the  test  organism  S.  aureus,  only  the  sample  preserved 
with  a  combination  of  benzalkonium  chloride  (BZK)  and 
ethylenediaminetetraacetate  disodium  (Na2EDTA)  showed  a 
significant  difference  from  the  activity  of  the  unpreserved 
base  against  the  bacterial  growth.   For  P.  aeruginosa, 
only  the  sample  of  base  E-3  preserved  with  a  combination 
of  polymyxin  B  sulfate  (PBS)  and  Na2EDTA  showed  signifi- 
cant increased  activity  over  that  of  the  unpreserved  base. 
In  four  of  the  six  trial  averages  for  the  test  organism 
S.  aureus,  unpreserved  base  E-3  demonstrated  a  significant 
difference  in  zone  diameter  compared  with  that  of  the 
8.0-mm  control,  suggesting  some  degree  of  antimicrobial 
activity  for  the  base  itself.   This  activity  was  not  seen 
for  the  test  organism  P.  aeruginosa  for  this  base. 
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Results  for  the  test  samples  of  base  E-4  against 
S_.  aureus  showed  a  significant  increase  in  activity  for 
those  samples  preserved  with  either  BZK/Na-EDTA  combination, 
or  the  PBS/Na2EDTA  combination,  compared  to  the  activity 
of  the  unpreserved  base.   Against  P.  aeruginosa,  only  the 
test  sample  containing  a  combination  of  PBS  and  Na~EDTA 
demonstrated  antimicrobial  activity  significantly  different 
from  the  unpreserved  base  E-4.   No  significant  anti- 
microbial activity  was  attributed  to  the  unpreserved 
base  E-4  against  either  of  the  two  test  organisms  when 
compared  with  the  8.0-mm  control. 

The  second  method  of  statistical  analysis  used 
Dunnett's  Multiple  Comparison  Procedure  (213)  and  compared 
the  antimicrobial  activity  of  each  preservative  system 
with  that  of  the  unpreserved  base  against  each  of  the  two 
test  organisms.   This  procedure  can  be  used  when  the 
objective  of  the  study  is  to  compare  several  treatments 
with  a  standard  or  control.   It  is  one  of  the  most  con- 
servative methods  and  assures  that  the  probability  of  one 
or  more  comparisons  between  treatments  and  a  standard  or 
control  being  judged  significant  by  chance  alone  is  5%. 

Table  17  presents  the  results  of  comparisons  using 
Dunnett's  Procedure.   In  each  case,  the  average  zone 
diameter  for  the  unpreserved  base  was  used  as  the  control 
or  standard  for  comparison. 

Base  E-3  test  samples  preserved  with  either  BZK  or 
the  BZK/Na~EDTA  combination  showed  significant 
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antimicrobial  activity  against  S.  aureus,  while  that  pre- 
served with  the  PBS/Na?EDTA  combination  alone  was  effective 
against  P.  aeruginosa. 

Results  for  base  E-4  test  samples  against  S^  aureus 
indicated  significant  activity  by  those  preserved  with 
the  PBS/Na2EDTA  and  BZK/Na2EDTA  combinations,  or  BZK  alone. 
Only  that  sample  of  base  E-4  preserved  with  the  PBS/Na2EDTA 
combination  proved  effective  against  the  P.  aeruginosa 
test  organism. 

It  is  interesting  to  note  that  similar  results  were 
obtained  using  each  of  the  two  comparison  procedures,  with 
the  one  exception  of  significant  activity  against  S.  aureus 
shown  by  the  BZK-preserved  base  E-3  sample  compared  by 
Dunnett  * s  Procedure . 

Surface  Inoculation  Method  for  Fungal  Growth  Potential 

Direct  surface  inoculation  of  viable  fungal  spores 
provides  a  realistic  test  of  the  ability  of  a  test  sample 
to  support  growth  when  the  incubation  conditions  are 
maintained  correctly,  simulating  chance  contamination  and 
extended  storage  of  the  product. 

The  samples  of  sterile  medium  which  was  not  inoculated 
were  clear  of  growth  after  30  days  of  incubation,  while 
those  samples  of  inoculated  sterile  medium  showed  abundant 
growth  in  all  dishes  within  4  days  after  inoculation. 
Preserved  and  unpreserved  test  samples  of  base  E-3  and  E-4 
which  received  no  inoculation  of  spores  showed  no  evidence 
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of  growth  of  any  organisms  after  30  days.   Corresponding 
samples  which  were  inoculated  also  showed  no  evidence  of 
growth  after  30  days,with  the  exception  of  mycelial  frag- 
ments observed  in  the  following  samples:   Sample  1  of 
base  E-3  containing  chlorobutanol;  Sample  1  of  base  E-3 
containing  benzalkonium  chloride;  Sample  3  of  base  E-3 
containing  methylparaben  and  propylparaben;  and,  Sample  2 
of  base  E-4  containing  p-chloro-m-xylenol.   Subcultures 
of  these  samples  were  negative  for  growth,  and  the  fragments 
were  assumed  to  have  been  introduced  as  part  of  the 
inoculum  and  were  not  an  indication  of  surface  fungal 
growth. 

These  results  suggest  that  a  poor  environment  for  the 
proliferation  of  A.  niger  spores  exists  on  the  surfaces  of 
bases  E-3  and  E-4  test  samples,  with  or  without  preserva- 
tives.  Contributing  factors  may  be  the  anhydrous  nature 
of  the  sample  and  a  lack  of  nutritive  components  in  each 
base  formulation. 

Preservative  Testings;   General  Comments 

A  comparison  of  the  results  obtained  from  testing  the 
preservative  systems  described  by  a  tube  dilution  method, 
an  agar  cup  or  zone  of  growth  inhibition  method,  and  by 
direct  surface  inoculation  revealed  similarities  and  some 
discrepancies . 

Results  of  the  direct  surface  inoculation  of  fungal 
spores  indicated  that  the  test  samples  did  not  promote 
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spore  germination  and  growth  of  A.  niger.   Mycelial 
fragments  were  assumed  to  be  from  the  initial  inoculum 
by  elimination  of  other  sources  such  medium  contamination, 
extraneous  contamination,  and  lack  of  growth  on  subculture. 
Whether  this  inhibition  of  growth  of  demonstrably  viable 
spores  on  the  test  samples  was  due  to  lack  of  proper 
nutrients  in  the  test  samples,  the  anhydrous  nature  of 
the  bases,  or  some  fungistatic  or  fungicidal  component 
was  not  investigated. 

The  Agar  Cup  Plate  Method  was  established  many  years 
ago  to  test  the  bacteriostatic  or  fungistatic  activity  of 
preparations  by  producing  a  zone  of  growth  inhibition 
around  a  central  cup  containing  the  sample  which  could  be 
related  to  the  degree  of  activity.   The  method  is  described 
in  detail  by  Stuart  (214) .   The  width  of  the  zone  depends 
upon  the  diffusion  of  the  inhibitory  substance  in  the  agar 
and  the  resistance  of  the  test  organism. 

Results  obtained  from  direct  dube  dilution  tests 
using  specific  inhibitory  media  appeared  to  indicate  very 
little  effective  preservative  activity  beyond  that  of  the 
individual  unpreserved  bases,  with  both  bases  E-3  and  E-4 
showing  significant  activity  against  P.  aeruginosa.  Zone 
diameter  measurements  confirmed  base  E-3  activity  against 
both  S.  aureus  and  P.  aeruginosa,  but  indicated  no 
significant  activity  against  either  organism  by  base  E-4. 

Similarly,  the  tube  dilution  tests  indicated  that 
only  base  E-3  containing  chlorobutanol  was  adequately 
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preserved,  and  none  of  the  base  E-4  preparations  were 
effectively  preserved,  against  S.  aureus,  while  all  of 
the  base  E-3  preparations  and  all  base  E-4  preparations 
were  effectively  preserved  against  the  P.  aeruginosa  test 
organism.   Zone  diameter  measurements  indicated  base  E-3 
containing  the  BZK/Na2EDTA  combination  and  base  E-4 
containing  BZK,  the  BZK/Na2EDTA  combination,  or  the 
PBS/Na2EDTA  combination  was  effective  for  either  base 
against  P.  aeruginosa. 

Factors  affecting  these  differences  are  interrelated 
and  numerous.   Variation  in  the  relative  concentration  of 
the  test  organism  compared  with  the  effective  concentration 
of  preservative  in  contact  with  it  occurs;  the  number  of 
microorganisms  in  the  initial  inoculum  can  be  controlled 
for  the  tube  test  method,  but  the  final  microbial  concen- 
tration in  the  agar  cup  method  can  depend  on  the  type  of 
medium  used  and  incubation  conditions.   In  the  tube  test 
method,  preservative  action  depends  on  immediate  intimate 
contact  with  the  microbe  in  a  largely  anhydrous  environ- 
ment, followed  by  dilution,  and  removal  by  inactivation, 
of  the  preservative,  allowing  surviving  organisms  to 
proliferate.   In  the  agar  cup  method,  the  limiting  factor 
is  the  diffusion  rate  of  the  preservative,  affected  by 
many  properties  such  as  the  viscosity  of  the  test  sample 
and  of  the  medium,  the  water-solubility  of  the  active 
principle,  the  degree  of  binding  by  the  medium  of  the 
preservative,  and  the  more  aqueous  environment  in  which 
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the  actual  microbial-preservative  contact  occurs.   It  may 
also  be  noted  that  the  contact  time  of  preservative  and 
microbe  is  varied  in  the  tube  dilution  method,  while  the 
agar  cup  method  provides  for  a  constant,  24-hour  contact 
period.   Other  factors  such  as  pH  and  differences  in 
testing  temperatures  affect  the  results.   Wedderburn  (215) 
discusses  other  influences  on  this  type  of  testing. 

Neither  method  is  complete  in  itself  and  both  should 
be  used  to  support  any  final  recommendations.   The  results 
indicate  that: 


1)  Both  unpreserved  bases  E-3  and  E-4  did  not 
support  bacterail  or  fungal  growth  of  the 
test  organisms  used,  and,  indeed  may  have 
some  antimicrobial  activity; 

2)  None  of  the  preserved  preparations  of 
either  base  promoted  the  germination  and 
growth  of  fungal  spores  of  A.  niger ,  under 
the  test  conditions  described; 

3)  Based  on  the  combined  results  of  the 
preservative  tests,  base  E-3  containing 
BZK,  0.01%,  and  Na2EDTA,  0.01%,  and 
base  E-4  containing  PBS,  1000  units  per 
gram  of  base,  and  Na2EDTA,  0.01%,  were 
effectively  preserved  against  the 

S_.  aureus  test  organism;  and, 

4)  Base  E-3  and  base  E-4,  each  containing  PBS, 
-  1000  units  per  gram  of  base,  and  Na2EDTA, 

0.01%,  were  effectively  preserved  against 
the  P.  aeruginosa  test  organism. 


Further  studies  might  resolve  some  of  these 
discrepancies  by  increasing  the  concentrations  of  the 
preservatives  used;  such  increases,  however,  would  require 
additional  eye  irritation  potential  testing  as  controversy 
concerning  irritation  effects  begins  above  some  of 
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the  levels  tested  in  this  study.   An  alternate  approach 
would  be  the  testing  of  different  preservative  systems. 


Rheological  Characteristics 
of  Modified  Bases  E-3  and  E-4 


Effects  of  Water-Addition 

Conversion  factors  used  in  the  reporting  of  rotational 
viscometry  data  are  listed  in  Table  18.   Rotational 
viscometer  values  for  non-sterilized  samples  of  bases  E-3 
and  E-4  containing  various  amounts  of  water  are  listed 
in  Table  19. 

Samples  of  freshly-prepared  base  E-3,  triturated  and 
stored  as  described,  but  without  added  water,  gave 
rheograms  such  as  that  presented  in  Figure  10,  and  indicated 
a  slight  increase  in  relative  viscosity  of  the  base  sample 
when  compared  with  that  of  an  undisturbed  sample  of  the 
same  base,  represented  by  Figure  23.   The  presence  of  small 
air  bubbles,  unavoidably  incorporated  into  the  preparation 
during  trituration  and  held  by  the  viscous  nature  of  the 
gel,  was  a  contribution  to  this  apparent  increase  in 
viscosity.   Overnight  storage  of  the  triturated  samples 
provided  no  decrease  in  the  amount  of  entrained  air 
bubbles;  this  result  was  not  unexpected  considering  the 
fact  that  the  incorporation  of  air  bubbles  into  Carbopol 
gels  has  been  used  routinely  to  add  a  "sparkle"  effect  to 
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Table  18.   Rotational  Viscometer  Conversion  Factors  for 
Instrument  U- values  to  RPM. 


Ua  1/Ub  RPM 


162  0.006  3.6 

81  0.012  7.2 

54  0.018  10.8 

27  0.037  21.6 

18  0.056  32.4 

9  0.111  64.8 

6  0.167  97.2 

3  0.333  194.4 

2  1.500  291.6 

1  1.000  583.2 


U  represents  the  instrument  value  corresponding  to  rate 
of  shear. 

Values  presented  for  ease  of  reference  to  previous 
studies.   See  text. 
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Table  19.   Rotational  Viscometer  Values  of  Non-Sterile 
Bases  E-3  and  E-4  Containing  Various  Amounts 


of  Water  at  25°a 

Sample                      U13 

RPM 

S  C 
o 

s  d 
bl 

Base  E-3,  Standard,         162 

3.6 

45 

45 

Non-Sterilee 

81 

7.2 

55 

55 

54 

10.8 

63 

62 

27 

21.6 

80 

79 

18 

32.4 

91 

85 

Base  E-3  containing  Water,  162 
0.99%  (w/w) 


62 

3.6 

46 

46 

81 

7.2 

56 

56 

54 

10.8 

65 

64 

27 

21.6 

81 

78 

18 

32.4 

91 

88 

Base  E-3  containing  Water,  162 
2.91%  (w/w) 


62 

3.6 

52 

50 

81 

7.2 

62 

61 

54 

10.8 

69 

61 

27 

21.6 

76 

73 

18 

32.4 

84 

80 

Base  E-3  containing  Water,  162 
4.76%  (w/w) 


62 

3.6 

56 

53 

81 

7.2 

62 

58 

54 

10.8 

66 

61 

27 

21.6 

78 

78 

18 

32.4 

89 

88 
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Table  19   (Continued) 


Sample 

u 

RMP 

S 
o 

Sl 

Base  E-4,  Standard, 

162 

3.6 

94 

72 

Non-Sterilee 

81 

7.2 

88 

77 

54 

10.8 

88 

82 

27 

21.6 

110 

100 

18 

32.4 

130 

110 

Base  E-4  containing 
Water,  0.99%  (w/w) 


62 

3.6 

74^ 

46 

81 

7.2 

56 

39 

54 

10.8 

47 

42 

27 

21.6 

58 

49 

18 

32.4 

62 

50 

Base  E-4  containing 
Water,  2.91%  (w/w) 


162 

3.6 

54 

32 

81 

7.2 

41 

36 

54 

10.8 

44 

40 

27 

21.6 

58 

50 

18 

32.4 

66 

60 

Base  E-4  containing 
Water,  4.76%  (w/w) 


162 

3.6 

61 

32 

81 

7.2 

40 

34 

54 

10.8 

42 

38 

27 

21.6 

54 

48 

18 

32.4 

60 

56 
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Table  19   (Continued) 


a 


For  all  bases  and  ointment  samples,  results  are  reported 
based  on  a  dual  measuring  head  setting  of  5  0  gem  and  a 
fine  adjustment  setting  of  normal.   Data  collected  using 
settings  of  50-fine,  500-normal  or  500-fine  were  converted 
to  the  common  unit  of  sensitivity  by  applying  the 
appropriate  conversion  factors. 

1 

U  represents  the  instrument  value  corresponding  to  rate 
of  shear. 

c 

so  represents  the  instrument  value  corresponding  to 
shearing  stress  and  which  was  read  concurrent  with  the 
instrument  clutch  engagement  at  a  given  U-value. 

Si  represents  the  instrument  value  corresponding  to 
shearing  stress  and  which  was  read  after  the  instrument 
had  operated  at  a  given  U-value  for  one  minute. 

Base  samples  containing  no  added  water  were  triturated 
in  mortar  with  pestle  in  manner  similar  to  other  samples 
listed.   Note  increased  S-Values  compared  to  non- 
triturated  corresponding  samples  in  Table  20. 

S0  and  S^  values  for  this  sample  are  reported  as  the 
average  of  two  runs,  using  separate  samples. 
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64.8  - 


O  =  So 

A  =  Si 


Figure  10.   Characteristic  rheogram  of  triturated 
anhydrous  base  E-3. 
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many  commercial  preparations.   Subsequent  base  E-3 

samples  containing  water  were  compared  to  this  triturated 

standard. 

The  addition  of  0.99%  (w/w)  water  to  base  E-3 

yielded  a  rheogram  which  was  similar  to  that  of  the 

standard  preparation  and  is  presented  in  Figure  11. 

Shearing  stress  values  for  S   and  S,  were  close  to  each 

o      1 

other  for  each  rate  of  shear  setting,  a  characteristic 
noted  in  a  majority  of  the  base  E-3  samples. 

Base  E-3  containing  2.91%  (w/w)  water  gave  a  rheogram, 
presented  in  Figure  12,  which  indicated  a  slight  decrease 
in  viscosity  compared  with  the  standard  preparation. 
Values  for  S   and  S,  are  separated  to  a  greater  degree 
than  in  samples  containing  lesser  or  greater  amounts  of 
added  water. 

The  addition  of  4.76%  (w/w)  water  to  base  E-3  gave 
a  rheogram,  presented  in  Figure  13,  which  was  similar  to 
the  standard  base  E-3  preparation. 

Physically,  the  addition  of  water  to  base  E-3  at 
these  levels  caused  little  significant  change.   Trituration 
increased-  the  fine  bubble  content  of  the  preparation,  but 
no  separation  or  color  change  was  noted  in  any  of  the 
samples.   Each  was  homogeneous,  clear  and  colorless. 
There  was  an  indication  that  water  addition  above  the 
approximately  5%  (w/w)  level  may  cause  noticeable  changes 
in  the  physical  character  of  base  E-3.   Samples  containing 
4.76%  (w/w)  began  to  show  "stringy"  or  "tenacious" 
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100 


O    =    So 
A  =   S. 


S- VALUE 


Figure  11.   Characteristic  rheogram  of  base  E-3 
containing  0.99%  (w/w)  water. 
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64.8- 


100 


O  =  So 
A  =  Si 


Figure  12.   Characteristic  rheogram  of  base  E-3 
containing  2.91%  (w/w)  water. 
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64.8  - 


Q_ 


S-VALUE 


O  =   So 
A  =   S. 


Figure   13.      Characteristic    rheograra  of   base   E-3 
containing   4.76%    (w/w)    water. 
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character,  thinning  slightly,  although  the  rheogram  for 
this  sample  showed  essentially  no  change  from  the 
standard  sample. 

Microscopically,  base  E-3  samples  for  this  section 
showed  no  structure  under  normal  or  polarized  light.   Air 
bubbles  were  seen  frequently,  and  varied  widely  in  size. 
Figure  14  shows  a  representative  photomicrograph  of  an 
undisturbed  base  E-3  sample. 

Rheograms  of  base  E-4  standard  sample,  which  contained 
no  water  but  were  triturated  and  stored  as  described,  showed 
that  the  base  had  an  apparent  "yield  value",  easily  overcome 
at  a  low  rate  of  shear.   Figure  15  presents  a  rheogram  of 
triturated  base  E-4  containing  no  water.   Trituration  resul- 
ted in  the  incorporation  of  small  air  bubbles,  and  tritura- 
ted samples  of  base  E-4  showed  an  increase  in  viscosity  com- 
pared with  an  undisturbed  sample  of  base  E-4  represented  by 
the  rheogram  in  Figure  23.   Values  for  S   and  S,  are  farther 
apart  than  those  found  for  base  E-3  samples,  and  may  be  due 
to  the  crystalline  nature  of  the  preparation,  indicating  an 
alignment  phenomenon  which  randomizes  quickly  and  is  held 
in  place  by  weak  forces.   Reproducibility  for  rheograms  for 
base  E-4  samples  was  less  consistent  than  for  base  E-3  samples. 

The  addition  of  0.99%  (w/w)  water  to  base  E-4  resulted 
in  a  decrease  of  viscosity  and  a  lowering  of  the  apparent 
yield  value,  as  presented  in  Figure  16.   Figures  17  and  18 
show  the  rheograms  of  base  E-4  samples  containing  2.91%  (w/w) 
and  4.75%  (w/w)  water,  respectively.   No  significant  change 
from  the  0.99%  (w/w)  water  content  sample  was  noted. 
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Figure  14. 


Photomicrograph  of  nonsterilized 
base  E-3,  brightfield  illumination. 
Structure  in  center  is  entrapped 
air  bubble.   Base  E-3  has  no 
observable  structure  in  either 
normal  or  polarized  light.   (X  130) 
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90  HO 

S-VALUE 


130 


0=    So 
A  =    Si 


Figure  15.   Characteristic  rheogram  of  triturated 
anhydrous  base  E-4. 
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64.8  - 


O  =So 
A  =Si 


Figure  16.   Characteristic  rheogram  of  base  E-4 
containing  0.99%  (w/w)  water. 
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64.8  - 


Q. 


O  =  So 
A  =  Si 


Figure  17.   Characteristic  rheogram  of  base  E-4 
containing  2.91%  (w/w)  water. 


256 


O  =  So 
A  =  Si 


Figure  18.   Characteristic  rheogram  of  base  E-4 
containing  4.76%  (w/w)  water. 
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Physically,  the  addition  of  amounts  of  water  up  to 
approximately  5%  (w/w)  resulted  in  only  a  slight  thinning 
of  the  base  E-4  standard  preparation,  and  preparations 
containing  water  retained  the  white,  opaque,  homogeneous 
semi-solid  character  of  the  parent  base.   Base  E-4  samples 
containing  water  showed  a  tendancy  to  harden  on  standing 
at  room  temperature  for  approximately  30  days;  initial  S 
values  at  the  lowest  rate  of  shear  became  very  high. 
Extrudibility  and  spreading  may  become  more  difficult  on 
prolonged  storage. 

Microscopically,  undisturbed  base  E-4  samples  showed 
small  bundles  of  linear  crystals  using  polarized  light, 
while  photomicrographs  using  normal  lighting  showed  little, 
if  any,  structure.   Crystalline  structure  appeared  to  be 
present  around  the  numerous  air  bubbles  also,  producing 
clusters  or  star-shaped  formations.   Air  bubbles  were  more 
numerous  than  in  corresponding  base  E-3  samples  and  more 
uniform  in  size,  being  approximately  10  urn  to  50  urn  in 
diameter.   Linear  crystals  were  approximately  20  urn  long 
and  5  urn  wide.   Crystals  dissolved  and  disappeared  upon 
contact  with  water  supplied  at  the  edge  of  the  cover 
glass.  Photomicrographs  of  base  E-4  samples  are  shown  in 
Figures  19  to  22.   The  addition  of  up  to  approximately 
5%  (w/w)  water  to  the  samples  seemed  to  produce  little 
change  in  the  crystalline  structure. 


Figure  19.   Photomicrograph  of  nonsterilized 

base  E-4,  brightfield  illumination. 
Structure  in  center  is  entrapped  air 
bubble.   Faint  crystalline  structure 
in  normal  light.   (X  130) 


Figure  20.   Photomicrograph  of  nonsterilized 

base  E-4,  polarized  light,  same  field 
as  in  Figure  19.   Fine  crystalline 
structure  is  evident.   (X  130) 
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Figure  21.   Photomicrograph  of  nonsterilized 

base  E-4,  brightfield  illumination. 
Central  cluster  of  crystals  is  evident, 
(X  130) 


Fiqure  22.   Photomicrograph  of  nonsterilized 

base  E-4,  polarized  light.   Numerous 
crystalline  clusters  are  seen. 
(X  130) 
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Effects  of  Sterilization 

Undisturbed  samples  of  bases  E-3  and  E-4  were  tested 
to  provide  standard  rheograms  for  comparison.   The 
resulting  graphs  are  presented  in  Figure  23.   They  indicate 
that  base  E-3  was  slightly  more  viscous  than  E-4.   Values 
for  S   and  S,  for  base  E-3  were  approximately  the  same, 
while  those  for  base  E-4  were  separated,  an  indication  of 
shear-thinning.   Base  E-4  showed  high  initial  S  values  for 
low  rates  of  shear,  suggesting  a  yield  value  for  this 
preparation.   Each  rheogram  was  consistently  reproducible. 

Two  methods  of  sterilization  were  evaluated:   1)  Moist 
heat,  consisting  of  autoclaving  at  121°  for  1  or  2  hours, 
fast  exhaust;  and  2)  dry  heat,  consisting  of  exposure  to 
140°  for  1  or  2  hours  in  an  electrically-heated  oven. 
Table  20  lists  the  rotational  viscometer  values  obtained 
for  base  E-3  and  E-4  samples  sterilized  by  these  methods. 
Samples  of  base  E-3  were  allowed  to  cool  undisturbed  at 
room  temperature  following  sterilization;  samples  of 
base  E-4  required  constant  stirring  while  cooling  to 
prevent  solidification  after  sterilization. 

Base  E-3  samples  sterilized  by  either  moist  heat  or 
dry  heat  showed  no  significant  change  in  rheological 
properties  upon  cooling.   Rheograms  obtained  from  sterilized 
samples  of  base  E-3  are  presented  in  Figures  24  and  25. 
High-temperature  thinning  was  observed,  which  was  not 
evident  on  cooling.   Values  for  S   and  S,  were  virtually 
the  same  for  each  rate  of  shear. 
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Table  20.   Rotational  Viscometer  Values  of  Bases  E-3  and 
E-4  Sterilized  by  Moist  Heat  at  121°  or 
Dry  Heat  at  140°  for  1  and  2  Hours. 


Sample 


ir 


RPM 


Base  E-3,  NonSterile 


162 

3.6 

33 

34 

81 

7.2 

42 

42 

54 

10.8 

47 

47 

27 

21.6 

60 

59 

18 

32.4 

70 

69 

Base  E-3,  Autoclaved, 
1  hour  (121°) 


162 

3.6 

36 

36 

81 

7.2 

44 

43 

54 

10.8 

49 

48 

27 

21.6 

63 

62 

18 

32.4 

73 

71 

9 

64.8 

94 

93 

Base  E-3,  Autoclaved, 
2  hours  (121°) 


162 

3.6 

37 

37 

81 

7.2 

44 

44 

54 

10.8 

50 

50 

27 

21.6 

64 

63 

18 

32.4 

74 

72 

9 

64.8 

95 

96 

Base  E-3,  Dry  Heat, 
1  hour  (140°) 


162 

3.6 

33 

33 

81 

7.2 

41 

41 

54 

10.8 

47 

47 
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Table  20   (Continued) 


Sample 


u 


RPM 


27 

21.6 

61 

60 

18 

32.4 

[85]e 

71 

9 

64.8 

95 

95 

Base  E-3,  Dry  Heat, 

162 

3.6 

37 

36 

2  hours  (140°) 

81 

7.2 

44 

43 

54 

10.8 

49 

49 

27 

21.6 

63 

61 

18 

32.4 

72 

71 

9 

64.8 

93 

92 

Base  E-4,  Non-Sterile 

162 

3.6 

34 

21 

81 

7.2 

29 

27 

54 

10.8 

33 

31 

27 

21.6 

45 

41 

18 

32.4 

54 

49 

9 

64.8 

78 

72 

6 

97.2 

94 

89 

Base  E-4,  Autoclave, 
1  hour  (121°) 


162 

3.6 

250 

120 

81 

7.2 

160 

120 

54 

10.8 

150 

120 

27 

21.6 

170 

140 

18 

32.4 

190 

160 

9 

64.8 

250 

210 
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Table  20   (Continued) 


Sample 


u 


RPM      S       S, 
o      1 


97.2    290     250 


Base  E-4,  Autoclave, 
2  hours  (121°) 


162 

3.6 

340 

120 

81 

7.2 

140 

110 

54 

10.8 

130 

110 

27 

21.6 

160 

120 

18 

32.4 

160 

130 

9 

64.8 

200 

160 

6 

97.2 

210 

180 

Base  E-4,  Dry  Heat, 
1  hour  (140°) 

162 

81 

3.6 
7.2 

350 
130 

100 
80 

54 

10.8 

110 

82 

27 

21.6 

120 

94 

18 

32.4 

130 

110 

9 

64.8 

180 

160 

6 

97.2 

240 

210 

Base  E-4,  Dry  Heat, 
2  hours  (140°) 

162 
81 

3.6 
7.2 

[270]S 
[100] 

[82]e 
[74] 

54 

10.8 

[87] 

[73] 

27 

21.6 

[120] 

[79] 

18 

32.4 

[90] 

[70] 

9 

64.8 

[100] 

[78] 
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Table  20   (Continued) 


a,b,c,dRefer  tQ  footnotes  for  Table  19. 


e[  ]  indicates  erratic  data  point. 
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Cl 


32.4 


S-VALUE 


O  =  So,  E-3 
A=  Si,  E-3 


=  So,E-4 
=  S.,  E-4 


Figure  23. 


Characteristic  rheograms  of  nonsterilized 
anhydrous  bases  E-3  and  E-4,  undisturbed 
standard  preparations  for  use  in  comparisons 
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64.8- 


o  =  So,  I  hr. 
a  =  Si,  I  h  r. 


•  =  So,  2  hrs. 
▲  =  S  i ,  2  hrs. 


Figure  24.   Characteristic  rheograms  of  anhydrous 
base  E-3  sterilized  by  moist  heat 
(autoclaving)  for  1  hour  or  2  hours 
at  121°,  fast  exhaust. 
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64.8 


32.4- 


2 

Q. 


Figure  25.   Characteristic  rheogram  of  anhydrous 
base  E-3  sterilized  by  dry  heat  for 
1  hour  or  2  hours  at  140°. 
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Physical  changes  as  a  result  of  sterilization  in 
base  E-3  samples  were  slight.   Samples  showed  no  separation 
problems.   Limited  thinning  occurred  at  high  temperatures, 
even  to  the  point  of  flowing,  but  regained  normal  viscosity 
on  cooling.   Samples  heated  to  40°  and  higher  (121°  or 
140°)  showed  no  color  change  from  clear  colorless  to  clear 
amber,  and  retained  this  color  indefinitely  when  cooled 
to  room  temperature. 

Microscopically,  no  visible  structure  could  be 
detected  in  sterilized  base  E-3  samples  using  either  normal 
or  polarized  light.   Entrained  air  bubbles  were  almost 
non-existant  upon  sample  cooling. 

Sterilization  of  base  E-4  samples  by  either  method 
produced  samples  which  were  rheologically  difficult  to 
evaluate,  some  readings  being  erratic  and  several  samples 
required  in  some  cases.   Moist  heat  sterilization  of 
base  E-4  resulted  in  a  more  viscous  product  with  an 
increased  apparent  yield  value  and  further  separation  of 
values  for  S   and  S,  at  any  single  rate  of  shear  setting. 
Exposure  for  2  hours  resulted  in  a  slight  decrease  in 
viscosity  compared  with  1-hour  exposure,  possibly  due  to 
decomposition  of  one  or  more  of  the  components,  for  example, 
polyethylene  glycol  to  ethylene  oxide  or  ethylene  glycol, 
and  apparent  decrease  in  internal  structure  resistance. - 

Dry  heat  sterilization  of  base  E-4  also  produced  a 
product  with  increased  viscosity,  apparent  yield  value 
and  separation  of  S   and  S-,  ,  in  comparison  with  the 
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non-sterile  standard.   Exposures  of  2  hours  at  140° 
caused  a  slight  decrease  in  viscosity  over  that  of  the 
1-hour  exposure,  but  results  were  difficult  to  record  and 
final  values  certainly  depended  in  part  on  the  speed  of 
stirring,  rate  of  cooling,  and  point  at  which  stirring 
was  discontinued,  although  every  effort  was  made  to 
standardize  these  parameters.   Rheograms  for  sterilized 
samples  of  base  E-4  are  given  in  Figures  26  to  28. 

Observations  of  physical  effects  resulting  from 
sterilization  of  base  E-4  showed  that  stirring  was  required 
while  cooling  to  prevent  solidification  of  the  preparation. 
Cooled  samples  were  white,  opaque  semi-solids  with  no 
separation.   Sterilized  preparations  showed  a  tendancy  to 
increase  in  hardness  on  storage. 

Microscopically,  samples  of  sterilized  base  E-3 
contained  numerous  air  bubbles,  undoubtedly  from  the 
stirring  process,  and  crystalline  structure.   Crystals 
appeared  to  be  more  numerous  than  were  seen  in  the  non- 
sterile  standard,  not  as  evenly  dispersed,  and  with  sizes 
similar  to  those  found  in  the  standard.   Crystals  occurred 
in  "bundles"  and  in  groups  or  "swirls,"  especially  seen 
after  longer  sterilization  times.   Frequently,  areas  of 
organization  and  nuclei  formation  which  were  clear  except 
for  groups  of  crystals  were  observed.   Figures  29  to  32 
illustrate  some  of  these  observations. 
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9  7.2  - 


64.8- 


a. 


o  =  So,  I  hr., 
A  =  S.,  I  hr. 


So  ,2  hrs. 
Si  ,  2  hrs. 


Figure  26.   Characteristic  rheograms  of  anhydrous 
base  E-4  sterilized  by  moist  heat 
(autoclaving)  for  1  hour  or  2  hours  at 


121°,  fast  exhaust. 
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90     110     130    150    170 

S- VALUE 

O  =  So,  I  hr. 
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210 
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Figure  27.   Characteristic  rheogram  of  anhydrous 
base  E-4  sterilized  by  dry  heat  for 
1  hour  at  140°. 
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Figure  28.   Characteristic  rheograra  of  anhydrous 
base  E-4  sterilized  by  dry  heat  for 
2  hours  at  140°. 


Fiqure  29.   Photomicrograph  of  anhydrous  base  E-4 
sterilized  by  moist  heat  (autoc laving) 
for  1  hour  at  121°,  fast  exhaust. 
Brightfield  illumination.   (X  130) 


Fiqure  30.   Photomicrograph  of  anhydrous  base  E-4 
sterilized  by  moist  heat  (autoclavmg) 
for  2  hours  at  121°,  fast  exhaust. 
Central  crystalline  cluster  is  seen. 
Brightfield  illumination.   (X  130) 
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■MV1  '  . 


Figure  31.   Photomicrograph  of  anhydrous  base  E-4 
sterilized  by  moist  heat  (autoclaving) 
for  2  hours  at  121°,  fast  exhaust. 
Large  voids  containing  very  little  crystalline 
material  are  present.   Brightfield  illumina- 
tion.  (X  130) 


Figure  32.   Photomicrograph  of  anhydrous  base  E-4 

sterilized  by  dry  heat  for  1  hour  at  140°. 
Area  of  crystal  organization  and  lack  of 
void  spaces  is  seen.   Brightfield  illumina- 
tion.  (X  130) 
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Effects  of  Atropine  Sulfate  Addition 

Table  21  lists  the  rotational  viscometer  values 
for  sterilized  bases  E-3  and  E-4  containing  atropine 
sulfate,  1%  (w/w) ,  or  atropine  sulfate,  1%  (w/w) ,  and 
water,  4%  (w/w).   Two  sterilization  procedures,  moist  heat 
and  dry  heat,  as  well  as  two  methods  of  atropine  sulfate 
addition  were  evaluated. 

A  rheogram  comparing  the  two  methods  of  atropine 
sulfate  addition  to  non-sterile  base  E-3  is  presented  in 
Figure  33.   In  each  case,  a  significant  decrease  in 
viscosity  as  a  result  of  the  atropine  addition  was  seen. 
This  effect  was  due  to  ionic  deswelling,  a  reaction  of 
combining  a  cationic  compound  with  the  anionic  Carbopol 
salt,  and  was  anticipated.   The  incorporation  of  atropine 
sulfate  as  a  solution  rather  than  as  a  fine  crystal  had 
little  effect  on  the  relative  viscosity,  although  some 
increase  was  noted. 

Sterilization  of  base  E-3  samples  containing  atropine 
sulfate  incorporated  by  either  method  demonstrated  the 
rheological  stability  of  the  preparations.   Rheograms  of 
these  samples  are  presented  in  Figures  34  to  37.   Samples 
of  base  E-3  in  which  atropine  sulfate  crystals  were 
incorporated  and  which  were  sterilized  by  moist  heat 
showed  some  increase  in  viscosity  upon  longer  steriliza- 
tion, but  the  increase  was  of  no  practical  significance. 
Values  for  Sq  and  S-j^  were  not  separated  in  each  sample 


280 


Table  21.   Rotational  Viscometer  Values  of  Sterilized 

Bases  E-3  and  E-4  Containing  Atropine  Sulfate, 
1%  (w/w) ,  or  Atropine  Sulfate,  1%  (w/w) ,  and 
Water,  4%  (w/w) a 

Samplea  Ub     RPM     S  C     S^ 

Base  E-3  with  Atropine 
Sulfate,  Non-Sterile 


Base  E-3  with  Atropine 
Sulfate,  1  hour  (121°) 


Base  E-3  with  Atropine 
Sulfate,  Autoclave, 
2  hour  (121°)  • 


162 

3.6 

3 

3 

81 

7.2 

5 

5 

54 

10.8 

6 

6 

27 

21.6 

10 

10 

18 

32.4 

13 

13 

9 

64.8 

20 

20 

6 

97.2 

26 

26 

3 

194.4 

40 

40 

62 

3.6 

2 

3 

81 

7.2 

5 

5 

54 

10.8 

6 

7 

27 

21.6 

11 

10 

18 

32.4 

13 

13 

9 

64.8 

20 

20 

6 

97.2 

26 

26 

62 

3.6 

3 

4 

81 

7.2 

6 

6 

54 

10.8 

7 

8 

27 

21.6 

12 

12 

18 

32.4 

15 

15 

9 

64.8 

22 

23 

6 

97.2 

29 

29 
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Table  21   (Continued) 


Sample  U       RPM      SQ      S, 


Base  E-3  with  Atropine 
Sulfate,  Dry  Heat, 
1  hour  (140°) 


Base  E-3  with  Atropine 
Sulfate,  Dry  Heat, 
2  hours  (140°) 


Base  E-3  with  Atropine 
Sulfate,  Water, 
Non-Sterile 


62 

3.6 

0 

0 

81 

7.2 

2 

2 

54 

10.8 

5 

5 

18 

32.4 

7 

7 

9 

64.8 

12 

12 

6 

97.2 

18 

18 

3 

194.4 

26 

26 

162 

3.6 

0 

0 

81 

7.2 

1 

2 

54 

10.8 

2 

3 

27 

21.6 

5 

5 

18 

32.4 

7 

7 

9 

54.8 

12 

12 

6 

97.2 

16 

17 

3 

194.4 

26 

26 

162 

3.6 

6 

6 

81 

7.2 

9 

9 

54 

10.8 

11 

11 

18 

32.4 

16 

16 

9 

64.8 

29 

29 

6 

97.2 

36 

36 
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Table  21   (Continued) 


Sample  U      RPM     S       S-, 

o      1 


Base  E-3  with  Atropine 
Sulfate,  Water,  Auto- 
clave, 1  hour  (121°) 


Base  E-3  with  Atropine 
Sulfate,  Water,  Auto- 
clave, 2  hours  (121°) 


Base  E-3  with  Atropine 
Sulfate,  Water,  Dry 
Heat,  1  hour  (140°) 


162 

3.6 

6 

7 

81 

7.2 

9 

9 

54 

10.8 

11 

12 

27 

21.6 

16 

16 

18 

32.4 

21 

20 

9 

64.8 

30 

30 

6 

97.2 

38 

38 

162 

3.6 

6 

6 

81 

7.2 

9 

9 

54 

10.8 

11 

12 

27 

21.6 

17 

16 

18 

32.4 

20 

20 

9 

64.8 

30 

30 

6 

97.2 

38 

38 

3 

194.4 

55 

55 

162 

3.6 

4 

5 

81 

7.2 

7 

8 

54 

10.8 

9 

9 

27 

21.6 

14 

14 

18 

32.4 

18 

18 

9 

64.8 

26 

26 

6 

97.2 

33 

33 

3 

194.4 

48 

48 
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Table  21   (Continued) 


Sample 


u 

RPM 

S 
o 

Sl 

162 

3.6 

4 

4 

81 

7.2 

7 

7 

54 

10.8 

9 

9 

27 

21.6 

14 

14 

18 

32.4 

17 

17 

9 

64.8 

26 

26 

6 

97.2 

33 

33 

3 

194.4 

48 

48 

Base  E-3  with  Atropine 
Sulfate,  Water,  Dry 
Heat,  2  hour  (140°) 


Base  E-4  with  Atropine 
Sulfate,  Non-Sterile 


Base  E-4  with  Atropine 
Sulfate,  Autoclave, 
1  hour  (121°) 


162 

3.6 

34 

19 

81 

7.2 

27 

24 

54 

10.8 

30 

28 

27 

21.6 

42 

38 

18 

32.4 

49 

46 

9 

64.8 

72 

68 

6 

97.2 

91 

87 

62 

3.6 

460 

95 

81 

7.2 

120 

88 

54 

10.8 

120 

100 

27 

21.6 

150 

120 

18 

32.4 

155 

130 

9 

64.8 

190 

150 

6 

97.2 

210 

190 
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Table  21   (Continued) 


Sample  U       RPM      S       S, 

o      1 


Base  E-4  with  Atropine 
Sulfate,  Autoclave, 
2  hours  (121°) 


Base  E-4  with  Atropine 
Sulfate,  Dry  Heat, 
1  hour  (121°) 


Base  E-4  with  Atropine 
Sulfate,  Dry  Heat, 
2  hours  (121°) 


162 

3.6 

740 

79 

81 

7.2 

100 

66 

54 

10.8 

81 

60 

27 

21.6 

88 

56 

18 

32.4 

84 

62 

9 

64.8 

97 

[45]f 

162 

3.6 

280 

100 

81 

7.2 

125 

93 

54 

10.8 

110 

91 

27 

21.6 

130 

110 

18 

32.4 

140 

120 

9 

64.8 

190 

160 

6 

97.2 

225 

195 

162 

3.6 

640 

140 

81 

7.2 

180 

120 

54 

10.8 

155 

120 

27 

21.6 

170 

100 

18 

32.4 

145 

120 

9 

64.8 

190 

120 

6 

97.2 

140 

110 
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Table  21   (Continued) 


Sample  U      RPM     SQ     S, 


Base  E-4  with  Atropine 
Sulfate, g  Water, 
Non-Sterile 


162 

3.6 

44 

23 

81 

7.2 

30 

27 

54 

10.8 

32 

28 

27 

21.6 

41 

37 

18 

32.4 

47 

43 

9 

54.8 

67 

60 

6 

97.2 

78 

72 

a,b,c,dRefer  tQ  footnotes  for  Table  19. 

eSample  content  of  atropine  sulfate  is  1%  (w/w)  and  of 
water  is  4%  (w/w) ,  where  designated. 

[  ]  indicates  erratic  data  point. 

^Sterilized  samples  of  base  E-4  containing  atropine  sulfate 
and  water  gave  erratic  results  and  determinations  were 
not  able  to  be  done.   See  text. 
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97.2  - 


64.8  - 


2 
a. 


30 

S- VALUE 
O  = So, E-3  with  AtS04 

A  =S.,  E-3  with  AtSO. 


50 


So,  E-3  with  AtS04/H^> 
S..E-3  with  AtS04/H20 


Figure  33.   Characteristic  rheograms  of  nonsterilized 
anhydrous  base  E-3  containing  1%  (w/w) 
atropine  sulfate  (AtSO^  incorporated  as 
crystals,  and  nonsterilized  base  E-3 
containing  1%  (w/w)  atropine  sulfate  and 
4%  (w/w)  water.   Standard  preparations  for 
use  in  comparisons. 
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97.2- 


64.8- 


Q. 

a: 


Figure  34.   Characteristic  rheograms  of  anhydrous 
base  E-3  containing  1%  (w/w)  atropine 
sulfate  incorporated  as  crystals,  sterilized 
by  moist  heat  (autoclaving)  for  1  hour  or 
2  hours  at  121°,  fast  exhaust. 
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2 

CL 


S  -  VALU  E 
0  =  So,lhr.       •  =  So,  2  hrs. 

A  ■  Si  ,  I  hr.       A  =  S  i,  2  hrs. 


Figure  35.   Characteristic  rheogram  of  anhydrous 
base  E-3  containing  1%  (w/w)  atropine 
sulfate  incorporated  as  crystals, 
sterilized  by  dry  heat  for  1  hour  or 
2  hours  at  140°. 
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97.2  - 


a. 


O  =  S 


30 

50 

S- VALUE 

So,    1  hr. 

•  =So, 

2  hrs 

Si,    1  hr. 

A  -S  I, 

2  hrs 

Figure  36. 


Characteristic  rheograms  for  anhydrous 
base  E-3  containing  1%  (w/w)  atropine 
sulfate  and  4%  (w/w)  water,  sterilized 
by  moist  heat  (autoclaving)  for  1  hour 
or  2  hours  at  121° ,  fast  exhaust. 
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a. 


Figure  37.   Characteristic  rheograms  of  anhydrous 
base  E-3  containing  1%  (w/w)  atropine 
sulfate  and  4%  (w/w)  water,  sterilized 
by  dry  heat  for  1  hour  or  2  hours  at 
140°. 
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at  various  rates  of  shear.   Scale  changes  in  terms  of 
S-value  should  be  noted  when  comparisons  with  the  non- 
sterile  base  E-3  standard  are  made. 

Addition  of  atropine  sulfate  as  fine  crystals  to 
base  E-3  produced  pronounced  physical  effects.   Decrease 
in  viscosity  was  immediate  and  of  such  degree  that  the 
preparation  flowed  when  the  container  was  tilted.   The 
product  was  hazy  or  cloudy,  colorless,  and  contained 
numerous  small  air  bubbles  due  to  the  trituration  process. 
After  sterilization  by  either  method,  the  bubble  content 
was  negligible. 

Addition  of  the  atropine  sulfate  as  a  solution 
resulted  also  in  an  immediate  decrease  in  viscosity,  but 
produced  a  clear,  colorless  preparation.   Flow  was  evident 
on  tilting  the  container. 

Sterilization  of  base  E-3  samples  containing  atropine 
sulfate  by  moist  heat  or  dry  heat  gave  various  results. 
Exposure  of  samples  for  1  hour  to  moist  heat  at  121° 
caused  no  noticeable  change  in  the  preparations;  those  which 
were  hazy  remained  so.   Exposure  to  moist  heat  for  2  hours 
produced  a  color  change  from  colorless  to  slight  to  marked 
amber,  which  was  permanent.   Samples  containing  atropine 
sulfate  as  fine  crystals  remained  hazy.   Dry  heat  steriliza- 
tion produced  preparations  which  were  slightly  hazy, 
translucent,  and  possessed  a  slight  to  marked  amber  color. 

Microscopic  observations  of  non-sterilized  base  E-3 
containing  fine  crystalline  atropine  sulfate  showed  abundant 
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crystalline  material,  evenly  dispersed,  with  few  clusters 
which  measured  approximately  46-92  urn  in  diameter.  Sterili- 
zation produced  little  change  in  any  of  these  samples. 
Base  E-3  samples  to  which  atropine  sulfate  was  added  as  a 
solution  were  observed  to  be  clear,  with  no  crystalline 
structure  in  either  non-sterile  or  sterilized  preparations. 

Incorporation  of  atropine  sulfate  into  base  E-4  either 
as  a  solution  or  as  fine  crystals  yielded  a  non-sterile 
product  which  showed  no  significant  rheological  change 
from  the  non-sterile  base  E-4  standard.   Figure  38  gives 
a  representative  rheogram  of  each  of  these  samples. 
Values  of  S   and  S,  are  noted  to  be  very  close  for  each 
rate  of  shear  for  a  particular  sample. 

Sterilization  of  base  E-4  samples  containing  atropine 
sulfate  by  either  moist  heat  or  dry  heat  procedures  yielded 
preparations  which  gave  inconsistent  rheograms  and  required 
multiple  samples  beyond  those  tested.   In  general,  sterilized 
preparations  showed  increased  viscosity  and  increased 
apparent  yield  values.   Length  of  sterilization  time  could 
not  be  correlated  with  either  viscosity  or  yield  value. 
Values  of  S   and  S,  became  widely  separated  for  each  rate 
of  shear  setting.   Sterilized  samples  showed  a  tendancy 
to  harden  on  storage.   Rheograms  for  sterilized  base  E-4 
samples  containing  fine  crystalline  atropine  sulfate 
are  presented  in  Figures  39  and  40.   Data  for  sterilized 
base  E-4  samples  to  which  atropine  sulfate  was  added  as  a 
solution  are  reported  in  Table  21,  but  was  not  graphed. 
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97:2 


64.8  - 
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Q. 


32.4- 


10     30    50     70 
S -VALUE 
O  =  So,  AtS04 

A  =  Si,  AtS04 


90 


110 


130 


=  So,  AtS04  /H20 
=  Si,  AtS04  /H20 


Figure  38.   Characteristic  rheograms  of  nonsterilized 
anhydrous  base  E-4  containing  1%  (w/w) 
atropine  sulfate  (AtSC^)  incorporated  as 
crystals,  and  nonsterilized  base  E-4 
containing  1%  (w/w)  atropine  sulfate  and  4% 
(w/w)  water.   Standard  preparations  for  use 
in  comparisons. 
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9  7.2- 


64.8 


Q. 


32.4- 


21.6 


I0.8- 


90     IIO     I30 
S- VALUE 
0  =  So,lhr.       •  =  So,2  hrs. 
A  =  S  i,  I  hr.       A=  Si,  2  hrs. 


Figure  39.   Characteristic  rheograms  of  anhydrous  base 
E-4  containing  1%  (w/w)  atropine  sulfate 
incorporated  as  crystals,  sterilized  by 
moist  heat  (autoclaving)  for  1  hour  or  2 
hours  at  121°,  fast  exhaust. 
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2 
a. 


180 


140    160 
S -  VALUE 
O  =So,  I  hr.         •  *  So,  2  hrs 
A  -Si,  I  hr.        a  =  S  ■ ,  2  hrs 


200   220 


Figure  40. 


Characteristic  rheograms  of  anhydrous 
base  E-4  containing  1%  (w/w)  atropine  sulfate 
incorporated  as  crystals,  sterilized  by  dry 
heat  for  1  hour  or  2  hours  at  140°. 
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Physically,  addition  of  atropine  sulfate  to  base  E-4 
as  a  solution  produced  a  smoother  preparation  than  when 
fine  crystalline  atropine  sulfate  was  used.   Samples 
showed  no  tendancy  to  flow  when  container  was  tilted. 

Sterilization  of  base  E-4  samples  containing  atropine 
sulfate  in  general  showed  a  tendency  to  harden  to  the 
touch,  but  remained  white,  homogeneous,  and  opaque. 
Sterilization  by  dry  heat  appeared  to  produce  a  preparation 
with  less  stiffness  than  processing  by  moist  heat;  also 
those  preparations  containing  no  added  water  remained 
more  semi-solid  than  those  containing  water.   None  of 
the  sterilized  samples  flowed  when  the  sample  container 
was  tilted. 

Microscopically,  non-sterilized  samples  of  base  E-4 
containing  atropine  sulfate  as  fine  crystals  showed 
numerous  air  bubbles  and  very  few  crystalline  clusters, 
some  of  which  measured  approximately  112  urn  in  diameter. 
Smaller  crystals  were  numerous  and  unorganized. 

Sterilized  base  E-4  samples  containing  atropine 
sulfate  showed  a  number  of  interesting  changes  upon 
microscopic  examination.   Air  bubbles,  expectantly,  became 
less  numerous  and  smaller  in  size.   Crystal  clusters  also 
decreased  in  size,  approximately  49  urn  with  no  void  spaces. 
Crystals  also  appeared  to  decrease  in  size,  occurring 
in  small  short  bundles  of  approximately  17  urn  in  length. 
Polarized  light  proved  helpful  in  structure  differentiation. 
Areas  of  crystalline  organization  were  observed  formed 
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around  almost  clear  void  spaces.   In  samples  containing 
fine  crystalline  atropine  sulfate  and  which  had  been 
sterilized  by  dry  heat  for  2  hours,  some  large  clusters 
(approximately  700  urn  diameter)  were  observed;  these  same 
samples  were  nearly  solid  to  the  touch.   In  general, 
base  E-4  samples  containing  atropine  sulfate  added  as  a 
solution  showed  less  crystal  structure,  smaller  clusters, 
less  organization,  and  less  air  bubble  content.   Photo- 
micrographs presented  in  Figures  41  to  47  illustrate  many 
of  these  features  for  base  E-4  samples. 

Effects  of  Preservative  Addition 

Table  22  lists  the  rotational  viscometer  values  for 
samples  of  sterilized  bases  E-3  and  E-4  containing  each  of 
the  6  preservative  systems  previously  evaluated  in  the 
preservative  testing  sections.   The  results  of  tests  of 
these  systems  are  presented  as  rheograms  of  preserved 
base  E-3  samples,  Figures  48  to  50,  and  of  preserved 
base  E-4  samples,  Figures  51  to  53.   No  significant 
rheological  effects  were  seen  in  any  of  the  tested  samples 
as  a  result  of  preservative  addition  in  comparison  with 
the  characteristics  of  the  appropriate  sterilized  standard 
samples  of  base  E-3  or  E-4. 

General  Comments 

It  has  been  noted  in  the  literature  review  that  the 
terms  "viscosity"  and  "consistency"  are  used  frequently, 


Figure  41.   Photomicrograph  of  nonsterilized  anhydrous 
base  E-4  containing  1%  (w/w)  atropine 
sulfate  incorporated  as  crystals.   Brightfield 
illumination.   Increased  air-bubble  content 
and  small  cluster  of  crystals  are  seen. 
(X  130) 


Figure  42.   Photomicrograph  of  anhydrous  base  E-4 
containing  1%  (w/w)  atropine  sulfate 
incorporated  as  crystals,  sterilized  by 
moist  heat  (autoclaving)  for  1  hour  at 
121°.   Brightfield  illumination.   (X  130) 


299 


Figure  43.   Photomicrograph  of  anhydrous  base  E-4 
containing  1%  (w/w)  atropine  sulfate 
incorporated  as  crystalline  fine  powder, 
sterilized  by  moist  heat  (autoclaving)  for 
2  hours  at  121°,  fast  exhaust.   Brightfield 
illumination.   Large  crystals,  void  spaces 
and  bundles  of  crystals  are  present.   (X  130) 


Figure  44.   Photomicrograph  of  same  sample  presented 
in  Figure  43.   Polarized  light.   (X  130) 
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Figure  45.   Photomicrograph  of  different  section  of 
same  sample  presented  in  Figure  43. 
Polarized  light.   Void  area,  organized 
crystalline  structure  are  seen.   (X  130) 


Figure  46.   Photomicrograph  of  nonsterilized  base 

E-4  containing  1%  (w/w)  atropine  sulfate 
and  4%  (w/w)  water.   Brightfield 
illumination.   Large  quantities  of  air 
bubbles  and  small  crystals  are  present. 
(X  130) 
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Figure  47.   Photomicrograph  of  nonsterilized  base  E-4 
containing  1%  (w/w)  atropine  sulfate  and 
4%  (w/w)  water.   Polarized  light  reveals 
large  cluster,  crystal  bundles.   (X  130) 
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Table  22.   Rotational  Viscometer  Values  of  Sterilized 
Bases  E-3  and  E-4  Containing  Various 
Preservatives . a , e 

Samplef  Ub      RPM      SQC      S^ 

Base  E-3  with  BZK 


62 

3.6 

35 

33 

81 

7.2 

40 

40 

54 

10.8 

45 

44 

27 

21.6 

58 

56 

18 

32.4 

66 

63 

Base  E-3  with  BZK/EDTA    162  3.6  35  33 

81  7.2  40  40 

54  10.8  46  45 

27  21.6  59  57 

18  32.4  68  66 

Base  E-3  with  PBS/EDTA    162  3.6  36  35 

81  7.2  43  42 

54  10.8  49  47 

27  21.6  61  59 

18  32.4  71  69 

9  64.8  90  88 

Base  E-3  with  MP/PP      162  3.6  37  36 

81  7.2  44  43 

54  10.8  49  49 

27  21.6  62  61 
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Table  22   (Continued) 


Sample 


u 


RPM 


18      32.4      72 
9      64.8      91 


70 
88 


Base  E-3  with  p-Cl-m-xy 


162 

3.6 

36 

35 

81 

7.2 

43 

42 

54 

10.8 

49 

47 

27 

21.6 

62 

61 

18 

32.4 

71 

71 

9 

64.8 

91 

90 

Base  E-3  with  Chlorob 


Base  E-4  with  BZK 


162 

3.6 

37 

35 

81 

7.2 

43 

42 

54 

10.8 

49 

48 

27 

21.6 

62 

61 

18 

32.4 

72 

69 

9 

64.8 

91 

88 

162 

3.6 

61 

39 

81 

7.2 

50 

43 

54 

10.8 

51 

43 

27 

21.6 

62 

61 

18 

32.4 

71 

71 

9 

64.8 

91 

90 
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Table  22   (Continued) 


Sample 


U 


RPM 


Base  E-4  with  BZK/EDTA 


162 

3.6 

70 

42 

81 

7.2 

53 

43 

54 

10.8 

51 

44 

27 

21.6 

63 

53 

18 

32.4 

70 

58 

9 

64.8 

92 

72 

Base  E-4  with  PBS/EDTA 


162 

3.6 

71 

38 

81 

7.2 

47 

41 

54 

10.8 

47 

43 

27 

21.6 

59 

50 

18 

32.4 

63 

53 

9 

64.8 

81 

66 

Base  E-4  with  MP/PP 

162 

3.6 

42 

32 

81 

7.2 

41 

38 

54 

10.8 

45 

42 

27 

21.6 

61 

53 

18 

32.4 

70 

62 

9 

64.8 

97 

84 

Base  E-4  with  p-Cl-ra- 

-xy 

162 

3.6 

35 

30 

81 

7.2 

39 

37 

54 

10.8 

43 

41 
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Table  22   (Continued) 


Sample                     U  RPM  Sq  S, 

27  21.6  57  53 

18  32.4  66  59 

9  64.8  91  75 


Base  E-4  with  Chlorob 


162 

3.6 

37 

28 

81 

7.2 

37 

34 

54 

10.8 

41 

38 

27 

21.6 

53 

47 

18 

32.4 

61 

54 

9 

64.8 

87 

64 

a,b,c,dRefer  tQ  footnotes  for  Table  19. 

eBases  E-3  and  E-4  were  sterilized  by  moist  heat  at  121°, 
2  hours,  fast  exhaust,  before  addition  of  sterile  preserva- 
tive stock  solution.   See  text  for  preparation  details. 

Preservative  abbreviations  and  concentrations  contained 
in  bases: 

BZK  =  benzalkonium  chloride,  0.01%  (w/w); 

BZK/EDTA  =  benzalkonium  chloride,  0.1%  (w/w)  and  disodium 

salt  of  ethylenediaminetetraacetic  acid,  0.1% 

(w/w)  ; 
PBS/EDTA  =  polymyxin  B  sulfate,  1000  u/g  of  base,  and 

disodium  salt  of  ethylenediaminetetraacetic 

acid,  0.1%  (w/w); 
MP/PP  =  methylparaben,  0.1%  (w/w),  and  propylparaben, 

0.02%  (w/w); 
p-Cl-m-Xy  =  p-chloro-m-xylenol,  0.03%  (w/w) ; 
Chlorob  =  chlorobutanol,  0.5%  (w/w). 
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0  =  So,  BZK  •  =  So,  BZK/EDTA 

A  =S.  ,  BZK  A  =  S«,  BZK/EDTA 


Figure  48. 


Characteristic  rheograms  of  sterilized 
base  E-3  containing  0.01%  (w/w)  benzalkonium 
chloride  (BZK),  or  0.01%  (w/w)  benzalkonium 
chloride  (BZK)  and  0.01%  (w/w)  disodium 
ethylenediarainetetraacetate  (EDTA) . 
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Figure  49.   Characteristic  rheograms  of  sterilized  base 
E-3  containing  1000  units  of  polymyxin  B 
sulfate  (PBS)  per  gram  of  base  and  0.01%  (w/w) 
disodium  ethylenediaminetetraacetate  (EDTA) , 
or  0.1%  (w/w)  methylparaben  (M)  and  0.02%  (w/w) 
propylparaben  (P) . 
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O  =So,  p-CI-m-Xy 
A  =Si,    p-CI-m-Xy 


•  =So,Chlorob 
A  =Si,Chlorob 


Figure  50.   Characteristic  rheograms  of  sterilized  base 

E-3  containing  0.03%  (w/w)  p-chloro-m-xylenol 
(p-Cl-m-xy) ,  or  0.5%  (w/w)  chlorobutanol 
(chlorob) . 
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S- VALUE 

0=So,   BZK 

•  *  So,  BZK/EDTA 

A  =  Si,  BZK 

A  ■  Si,  BZK/EDTA 

Figure  51. 


Characteristic  rheograms  of  sterilized 
cSloride  m7Kfiningn°;°1%  (W/W)  benzalkonium 

e  SEP k!  r  ••'•" »« sssr- 

ethylenedxammetetraacetate  (EDTA)  . 
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Figure  52.   Characteristic  rheograms  of  sterilized  base 
E-4  containing  1000  units  of  polymyxin  B 
sulfate  (PBS)  per  gram  of  base  and  0.01%  (w/w) 
disodium  ethylenediaminetetraacetate   (EDTA) , 
or  0.1%  (w/w)  methylparaben  (M)  and  0.02%  (w/w) 
propylparaben  (P) . 
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Figure  53.   Characteristic  rheograms  of  sterilized 
base  E-4  containing  0.03%  (w/w) 
p-chloro-m-xylenol  (p-Cl-m-Xy) ,  or 
0.5%  (w/w)  chlorobutanol  (Chlorob) . 
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often  interchangeably,  and  that  they  differ  when  strictly 
defined,  consistency  including  not  only  viscosity  but 
other  effects  as  well.   An  attempt  was  made  in  the 
reporting  of  these  results  to  restrict  the  use  of  viscosity 
to  description  of  effects  seen  in  the  presented  rheograms 
and  to  report  changes  in  consistency  as  physical  observa- 
tions of  flow  and  hardness  to  the  touch. 

Samples  of  base  E-4  have  shown  consistently  a  high 
initial  resistance  to  flow,  indicative  of  materials  con- 
taining large  quantities  of  aggregates  or  flocculated 
material,  a  fact  confirmed  by  microscopic  observations. 
Systems  exhibiting  true  plastic  flow  possess  a  defined 
yield  value,  or  the  force  at  which  flow  of  the  material 
occurs,  different  from  zero,  and  determined  by  extension 
of  the  linear  portion  of  the  plastic  curve  rheogram  to  its 
intersection  with  the  horizontal  shearing  stress  axis. 
Materials  which  exhibit  true  plastic  flow  are  rare; 
consequently,  the  term  "apparent  yield  value"  was  used 
to  indicate  the  observed  initial  resistances  without 
attempt  to  quantify  them. 

The  significance  of  reporting  an  initial  shearing 
stress  value,  S  ,  and  a  second  value  after  a  specified 
period,  S, ,  was  to  demonstrate  the  shear-thinning  charac- 
teristics of  each  base  sample  at  a  specific  rate  of  shear. 
Wide  differences  in  S   and  S,  at  a  particular  value  usually 
indicated  the  presence  of  large  aggregates  or  bundles  of 
crystalline  material,  while  absence  of  these  differences 
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correlated  with  a  lack  of  such  structures,  varified  by 
microscopic  observations.   The  degree  of  S-value  dif- 
ferences may  be  influenced  by  such  factors  as  strength  and 
type  of  chemical  bonding,  aggregate  size,  and  crystalline 
geometry. 

Rheograms  plotted  for  bases  E-3  and  E-4  samples 
illustrated  these  differences,  and  suggested  that  base  E-4 
preparations  showed  some  degree  of  shear- thinning,  where 
randomly  organized  aggregates  or  bundles  of  crystalline 
material  momentarily  aligned  themselves  as  a  result  of  the 
applied  force,  decreasing  the  resistance  to  flow  of  layers 
by  one  another,  and  then  rapidly  reestablished  some  degree 
of  randomness  after  the  force  was  removed.   Samples  of 
base  E-3  preparations  did  not  exhibit  these  characteristics, 
The  possible  existence  of  thixotropic  behavior  in  prepara- 
tions of  either  base  was  not  investigated. 

Another  factor  affecting  the  rheology  of  ophthalmic 
ointment  vehicles  is  the  long-term  stability  of  the  base. 
Each  sample  tested  in  this  study  was  freshly  prepared, 
and  therefore  not  representative  of  long-term  storage 
effects.   Newton  (198)  has  described  the  formation  of  small 
dense  lumps  in  an  organogel  containing  Carbopol   after 
storage  at  50°  for  1  month  while  storage  at  a  lower  tempera- 
ture, 30°,  did  not  show  this  change;  he  also  indicated 
that  storage  of  samples  of  base  E-3  at  50°  for  1  month 
resulted  in  an  apparent  dilatant  (shear-thickening)  system, 
possibly  as  a  result  of  the  formation  of  microscopic  tranS- 
parent  lumps  of  Carbopol   matrix  polymer. 
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In  this  present  study,  samples  of  both  base  E-3  and 
base  E-4  were  stored  undisturbed  at  room  temperature  for 
periods  of  up  to  3  years.   Base  E-3  samples  showed  some 
separation,  though  very  little,  and  remained  colorless 
and  transparent;  some  tendency  to  flow  when  the  container 
was  tilted  was  observed.   Base  E-4  samples  exhibited  marked 
separation,  with  a  clear,  colorless  liquid  layer  on  top, 
and  the  resultant  parent  mass  hardening  to  the  touch. 

Separations  of  this  type  may  be  evidence  of  syneresis 
or  of  "bleeding"  from  the  ointment.   Lintner  (216)  indi- 
cates that  the  main  stability  problems  seen  in  ointments 
are  "bleeding",  changes  in  consistency  due  to  aging,  or 
changes  due  to  temperature.   He  also  states  that,  unfor- 
tunately, there  is  no  known  way  to  accelerate  the  process 
of  "bleeding";  thus  this  tendency  cannot  be  predicted. 
"Bleeding"  is  used  in  connection  with  the  separation  of  a 
liquid  component  usually  as  a  result  of  a  deficient  gel 
structure,  and  can  be  differentiated  from  syneresis,  in 
which  some  of  the  liquid  vehicle  is  pressed  out  of  the 
gel  matrix  over  long  periods  of  storage. 

It  was  felt,  though  not  proven  to  be  true,  that  the 
separation  seen  in  base  E-4  samples  on  long-term  storage 
was  due  to  the  high  concentration  (60%  (w/w) )  of 
1, 2,6-hexanetriol  used  as  a  plasticizer.   Houwink  (217), 
in  his  discussion  of  plastif ication ,  states  that  there  are 
two  methods  of  influencing  the  secondary  coherence  of 
macromolecules:   1)  by  the  addition  of  a  lubricant,  a 
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so-called  plasticizer,  which  must  be  able  to  penetrate 
between  the  polymer  molecules  and  yet  have  a  very  weak 
mutual  coherence  among  its  own  molecules  in  order  to  make 
gliding  possible;  and  2)  by  producing  a  co-polymer  in 
amounts  adequate  to  weaken  the  coherence  between  the 
macromolecules  such  that  movement  can  take  place.   The 
function  of  hexanetriol  may  be  a  combination  of  these  two 
mechanisms,  and  its  separation  a  reflection  of  a  greater 
mutual  attraction  for  its  own  molecules  than  for  those  of 
polyethylene  glycol. 

The  effect  of  plastif ication  of  polyethylene  glycol 
ointment  can  readily  be  seen.   Polyethylene  glycol  ointment 
without  the  added  hexanetriol  had  a  melting  point  of 
approximately  40-45°  and  a  very  narrow  transformation  range, 
being  solid  and  brittle  at  temperatures  slightly  below 
room  temperature.   Base  E-4,  essentially  a  polyethylene 
glycol  ointment  plasticized  with  hexanetriol,  exhibited 
approximately  the  same  melting  point,  but  a  much  lower 
transition  temperature,  being  semisolid  at  approximately 
8°,  and  a  broad  transformation  region,  making  the  product 
useful  over  a  wide  temperature  range. 

An  additional  effect  of  long-term  storage  of  gels 
containing  Carbopol   salts  has  been  reported.   Schwartz 
and  Levy  (218)  state  that  neutralized  Carbopol   934  gels 
undergo  oxidative  degradation  when  exposed  to  daylight. 
They  attribute  this  reaction  to  catalysis  by  trace  metals, 
causing  a  marked  decrease  in  viscosity  of  the  gel  within 
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2  to  3  weeks  if  they  are  exposed.   The  use  of  the  sodium 
salt  of  ethylenediaminetetraacetic  acid,  0.05%,  effectively 
prevents  this  viscosity  decrease.   Though  current  packaging 
of  commercial  ophthalmic  ointments  is  almost  completely 
in  metal,  light-resistant  tubes,  containers  developed  at 
some  future  time  may  be  such  that  this  reaction  has 
importance.   No  reports  of  trace  metal-catalysed  oxidation 
effects  which  may  have  alternate  energy  sources  as  a 
driving  force,  for  example,  elevated  storage  temperatures 
or  ionizing  radiation,  were  found. 

Rheograms  for  samples  in  long-term  storage  were  not 
constructed  and  microscopic  observations  were  not  done  as 
these  were  not  included  in  the  scope  of  this  study. 

Water,  of  necessity,  could  not  be  added  during  the 
initial  preparation  of  either  base  E-3  or  E-4  because  of 
the  high  temperatures  employed.   The  results  of  this  study 
indicated  that  neither  base  was  significantly  effected 
rheologically  by  the  addition  of  up  to  approximately  5% 
(w/w)  water  to  the  anhydrous  bases.   At  higher  concentra- 
tions, however,  water  caused  significant  swelling  of  each 
base,  which  is  the  taking  up  of  liquid  by  a  gel  with  an 
increase  in  volume.   Apparently,  these  gels  were  able  to 
absorb  the  lesser  concentrations  of  water  by  the  process 
of  imbibition,  where  no  measurable  increase  in  volume 
occurs. 

Sterilization  of  base  E-3  produced  a  consistent  color 
change  from  clear-colorless  to  clear-amber  of  varying 
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degrees.   The  nature  of  this  change  was  not  determined, 
but  the  degree  of  change  was  influenced  by  the  temperature 
and  length  of  heating  of  the  base.   A  possible  cause  could 
be  the  production  of  a  chromophoric  complex  formed  between 
the  neutralizing  amine  and  trace  metals  present  in  the 
preparation;  heat  may  accelerate  the  formation  of  this 
complex,  which  may  become  apparent  on  long-term  storage 
of  the  base  at  room  temperature,  though  no  such  color 
change  was  found  in  samples  stored  for  3  years.   Since 
this  slight  color  change  would  have  no  effect  on  either 
the  efficiency  or  aesthetic  acceptability  of  this  prepara- 
tion in  use  as  an  ophthalmic  vehicle,  and  no  apparent 
rheological  effect  resulted  from  it,  further  consideration 
was  not  given  to  this  change. 

The  stability  of  base  E-3  type  preparations  to  various 
sterilization  procedures  has  been  noted  in  the  section  on 
review  of  the  literature  and  was  supported  by  the  results 
of  this  study.   Base  E-4  preparations  have  not  been 
studied,  however,  and  the  results  of  this  study  show  the 
stability  of  these  ointments  to  be  variable  under  the 
conditions  of  sterilization  used.   Factors  which  influence 
the  resulting  product,  such  as  rates  of  cooling  and 
stirring,  length  of  heating,  and  variations  in  previous 
history  of  the  preparation,  have  been  mentioned,  but  have 
not  been  fully  investigated  by  the  scope  of  the  present 
study.   Initially,  some  of  the  difficulties  encountered 
were  attributed  to  the  possible  evaporation  of  the 
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plasticizer  of  base  E-4,  1 , 2 , 6-hexanetriol;  however,  later 
product  information  lists  the  boiling  point  of  this 
material  at  178°C/5mm  Hg  (61) . 

The  solubility  of  atropine  sulfate  in  water  (1  g  in 
0.5  ml),  alcohol  (1  g  in  5  ml),  and  glycerin  (1  g  in  2.5  ml) 
suggested  direct  incorporation  into  a  base  containing 
polyethylene  glycol  as  a  vehicle  to  be  a  logical  method 
of  preparation.   Microscopic  examination  of  24-hour 
samples  prepared  by  this  method  revealed  crystals,  indicat- 
ing that  the  solubilization  of  the  drug  was  apparently  a 
slow  process  and  this  method  of  preparation  was  dis- 
continued in  favor  of  incorporation  of  the  drug  in  the 
form  of  a  solution. 

The  drastic  decrease  in  viscosity  of  base  E-3  upon 
the  addition  of  atropine  sulfate  was  not  unexpected,  and 
represented  an  example  of  ionic  deswelling.   Carbopol 
resins  are  very  high  molecular  weight,  weakly  acidic 
polymers  which  react  with  neutralizing  agents  to  form 
salts.   When  the  proper  salt,  one  which  is  soluble  in  the 
solvent  serving  as  the  vehicle,  is  prepared,  the  polymer 
uncoils  and  extends  into  its  form  of  highest  solvent- 
holding  capacity  with  attendant  solvent-thickening  (219) . 
The  addition  of  the  monovalent  soluble  salts,  such  as 
sodium  chloride,  reverses  this  process,  apparently  by  a 
competitive  mechanism  for  solvent  bonds,  and  thinning  of 
the  preparation  occurs.   Divalent  salts  have  an  even  more 
drastic  thinning  effect,  as  may  be  seen  with  atropine  sul- 
fate in  this  study. 
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Base  E-4  owed  its  viscosity  primarily  to  the  ratio 
of  solid  to  liquid  polyethylene  glycols  used  in  the 
preparation;  thus  the  addition  of  a  divalent  salt  such  as 
atropine  sulfate  should  have  produced  little  viscosity 
change.   Results  from  this  study  supported  this  supposition 
for  a  concentration  of  1%  (w/w)  atropine  sulfate. 

The  question  of  the  stability  of  atropine  sulfate  in 
bases  E-3  or  E-4  on  extended  storage  or  during  steriliza- 
tion was  beyond  the  scope  of  this  study  and  remains 
unanswered.   Much  has  been  reported  concerning  the  stability 
of  this  drug  in  aqueous  solution  and  the  effects  of  pH 
on  sterilization  by  such  solutions  by  heat;  for  example, 
a  report  by  Anschel,  Mollica,  and  Lin  (220)  indicates 
atropine  undergoes  hydrolysis  on  heating  either  with 
strongly  acid  or  basic  solutions,  with  the  formation  of 
tropic  acid  and  tropine.   Their  review  states  that  atropine 
sulfate  solutions  at  20°  are  most  stable  at  a  pH  of 
approximately  4.0,  and  that  as  temperature  increases, 
the  optimum  pH  for  stability  decreases;  for  example,  at 
100°,  the  most  stable  pH  is  approximately  3.0,  with 
predicted  half-lives  decreasing  very  rapidly  at  either 
higher  or  lower  pH  values.   However,  the  extrapolation 
of  this  type  of  data  to  the  vehicles  used  in  this  study 
is  difficult;  because  of  this,  rheological  samples  con- 
taining atropine  sulfate  were  tested  within  24  hours  of 
preparation.   Samples  used  in  a  later  bioavailability 
study  were  prepared  by  aseptically  adding  sterile  atropine 
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sulfate  solution  to  the  sterilized  base  and  were  stored 
as  frozen  samples  at  -10°  to  avoid  possible  stability 
problems . 

Polyethylene  glycols  are  members  of  a  special  class 
of  compounds  known  as  glycol  ethers  and  are  formed  by 
condensation  of  ethylene  glycol  with  ethylene  oxide  in 
the  presence  of  sodium  hydroxide  at  temperatures  of  120° 
to  135°  and  under  a  pressure  of  4  atmospheres  (221) .   The 
condensation  polymers,  termed  polyethylene  glycols,  or 
polyoxyethylene  glycols,  are  classified  by  adding  a  number 
representing  the  average  molecular  weight,  for  example, 
polyethylene  glycol  400.   Compounds  with  average  molecular 
weights  over  900  are  white  waxy  solids,  while  those  below 
this  value  are  viscous  liquids,  with  viscosity  and  boiling 
point  increasing  with  molecular  weight. 

It  may  be  reasoned  that  prolonged  heating  at  121° 
under  approximately  2  atmospheres  pressure,  as  in  moist 
heat  sterilization,  or  at  140°  at  1  atmosphere,  as  in 
dry  heat  procedures,  could  result  in  degradation  of  the 
polyethylene  glycol  polymer  by  either  a  random  process, 
where  the-  ultimate  product  would  be  a  disperse  mixture  of 
fragments  of  lesser  molecular  weight,  or  by  a  chain 
depolymerization  process,  which  is  a  free  radical  process 
generally  involving  the  complete  degradation  of  the  polymer 
to  its  monomer  components.   In  either  case,  a  preparation 
of  reduced  viscosity  would  be  expected,  with  the  random 
process  producing  the  less  dramatic  decrease.   Such  a 
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random  degradation  process  could  explain  the  slight 
decrease  in  apparent  viscosity  of  base  E-4  after  steriliza- 
tion for  2  hours  by  moist  heat.   However,  the  slight 
increase  in  apparent  viscosity  after  only  1  hour  of 
sterilization  by  moist  heat  must  involve  another  mechanism. 
It  is  possible,  therefore,  that  the  initial  heating  of 
the  preparation  may  cause  some  cros slinking  between  the 
polyethylene  glycol  polymer  molecules  by  the  plasticizer, 
1,2, 6-hexanetriol ,  which  may  then  be  either  broken  or  the 
polymer  chain  fragments  on  further  heating,  causing  an 
initial  increase  then  a  slight  decrease  in  apparent 
viscosity  of  the  preparation  on  cooling.   Rheological 
results  obtained  in  this  experiment  were  difficult  to 
evaluate,  and  this  process  remains  speculative. 

This  study  indicated  the  existence  of  fine  crystalline 
structure  in  all  of  the  preparations  using  base  E-4  as 
a  vehicle,  whether  the  product  was  produced  by  hand-  or 
machine- stirring.   No  reference  was  found  mentioning  such 
structure.   Photomicrographs  of  various  samples  indicated 
some  general  trends.   Values  for  S   and  S,  at  any  specific 
rate  of  shear  became  farther  apart  as  crystal  length  in- 
creased and  the  number  and  size  of  aggregates  increased. 
When  comparing  non-sterilized  base  E-4  samples  with  those 
sterilized  for  1  hour  and  2  hours  by  moist  heat,  crystal 
size  increased  1.5  times  (from  approximately  40  urn  to  60  urn), 
cluster  size  increased  1.6  times  (from  diameters  of  approx- 
imately 215  um  to  350  urn) ,  and  distribution  of  both 
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became  less  even.   Void  spaces  developed  (approximately 
385  urn  diameter) ,  possibly  in  the  areas  where  air  bubbles 
were  originally,  or  as  spaces  left  by  condensing  of  local 
crystals  about  a  central  nucleus.   Dry  heat  produced  less 
overall  crystal  changes  with  more  even  distribution  and 
a  lack  of  void  spaces. 

Photomicrographs  of  non-sterilized  base  E-4  samples 
containing  atropine  sulfate  as  a  fine  powder  showed 
crystals  which  were  randomly  distributed,  while  base  E-4 
samples  to  which  atropine  sulfate  had  been  added  as  a 
solution  exhibited  a  more  even  crystal  distribution  and 
shorter  crystal  length.   Crystalline  characteristics 
showed  an  increase  in  size  and  length,  and  the  formation 
of  clusters,  after  sterilization  of  these  atropine- 
containing  samples,  resembling  the  changes  seen  in  the 
parent  base  after  similar  treatment. 

The  increased  potential  for  eye  irritation  as  a 
result  of  instillation  of  preparations  containing  such 
crystalline  structure  must  be  considered.   Particulate 
matter  of  approximately  50  urn  was  seen  commonly  in  many 
of  the  preparations  tested  for  irritation  in  an  early 
part  of  this  project  and  were  considered  to  have  con- 
tributed minimumly  to  the  observed  levels  of  irritation, 
principally  because  of  the  water-solubility  of  the  par- 
ticles and  their  impalpability.   Growth  of  the  crystal 
and  of  cluster  size  upon  sterilization,  whether  the 
result  of  the  sterilization  process,  the  rate  of  cooling 
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or  stirring,  or  some  combination  of  these  factors,  is 
cause  for  concern  and  should  be  further  evaluated. 

Crystal  growth  is  one  factor  in  the  increased 
apparent  yield  values  and  hardening  on  storage  observed 
for  sterilized  base  E-4  samples.   The  formation  of  clusters 
or  aggregates  contributes  to  these  increases  and  may  lend 
thixotropic  properties  to  the  preparation,  though  this 
aspect  was  not  evaluated  in  the  present  study. 

Plane  polarized  light  was  used  in  this  study  to 
enhance  observed  structures  and,  in  some  cases,  record 
formations  not  visible  in  normal  light.   Polarization 
effects  were  applied  for  purely  qualitative  observational 
purposes  to  accentuate  anisotropic  crystalline  material. 
Excellent  detailed  descriptions  of  the  techniques  and 
theory  involved  in  the  use  of  polarized  light  microscopy 
can  be  found  in  references  by  James  (222)  and  by  Delly  (223) 

In  summary,  the  rheological  effects  on  bases  E-3  and 
E-4  have  been  studied  with  respect  to  the  addition  of 
small  concentrations  of  water,  sterilization  by  moist  heat 
and  dry  heat,  the  addition  of  1%  (w/w)  atropine  sulfate, 
and  the  incorporation  of  six  preservative  systems. 

The  incorporation  of  up  to  approximately  5%  (w/w) 
water  into  samples  of  base  E-3  yielded  insignificant 
rheological  changes.   Trituration  increased  the  air-bubble 
content  which  caused  a  slight  increase  in  apparent  vis- 
cosity when  compared  with  a  non- triturated  standard  sample. 
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Base  E-4  samples  showed  a  slight  decrease  in  apparent 
viscosity  and  little  change  in  crystalline  structure. 
Sterilization  of  base  E-3  produced  little  change 
rheologically  by  the  methods  used.   No  microscopic 
structure  was  seen  in  fresh  samples  nor  in  sterilized 
samples.   A  color  change  in  the  samples  as  a  result  of 
heating  had  no  measurable  effect  on  viscosity;  samples 
were  uniform  and  results  reproducible. 

Sterilization  of  base  E-4  samples  produced  increased 
apparent  yield  values  and  increased  viscosity.   Crystal 
structure  growth  also  resulted.   Samples  were  difficult 
to  evaluate  after  sterilization  by  either  method. 

The  incorporation  of  1%  (w/w)  atropine  sulfate  into 
base  E-3  resulted  in  a  dramatic  decrease  in  apparent 
viscosity  due  to  ionic  deswelling.   Crystalline  atropine 
sulfate  remained  undissolved  after  24  hours  at  room 
temperature  and  after  sterilization.   Addition  of  atropine 
sulfate  as  a  solution  yielded  clear  preparations. 

Addition  of  atropine  sulfate  as  either  fine  crystal- 
line powder  or  as  a  solution  to  base  E-4  produced  no 
significant  rheological  changes.   Sterilization  of  these 
samples  produced  changes  similar  to  those  seen  in  the 
sterilized  parent  base. 

Incorporation  of  each  of  the  six  previously  described 
preservative  systems  into  bases  E-3  and  E-4  produced  no 
significant  rheological  changes. 
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Long-term  storage  of  the  bases  at  room  temperature 
for  periods  of  up  to  3  years  produced  notable  changes  in 
the  physical  characteristics  of  each  base.   Base  E-3 
exhibited  some  separation  and  a  tendency  to  "thin"  slightly 
in  consistency;  samples  remained  clear  and  colorless. 
Base  E-4  samples  showed  marked  separation  and  increased 
hardness. 


Effects  of  Bases  E-3  and  E-4  on 
Apparent  Surface  Tension  of  Water 

Table  2  3  summarizes  the  experimental  data  obtained 
from  use  of  the  Fisher  Model  20  tensiometer.   Each  apparent 
surface  tension  value  represents  the  average  value  of 
triplicate  determinations. 

Dodecyl  sodium  sulfate,  also  known  as  sodium  lauryl 
sulfate,  is  a  mixture  of  sodium  alkyl  sulfates  and  is 
prepared  from  the  fatty  acids  of  coconut  oil,  consisting 
chiefly  of  lauric  acid.   Widely  recognized  for  its  surface- 
active  properties  and  the  ability  to  form  micelles,  dodecyl 
sodium  sulfate  was  chosen  as  a  standard  for  comparison  to 
ensure  the  adequacy  of  the  procedure  used.   Figure  54 
illustrates  the  effects  on  apparent  aqueous  surface  tension 
produced  by  increasing  concentrations  of  dodecyl  sodium 
sulfate,  showing  an  abrupt  change  and  minimum  value  at 
approximately  0.11%  (w/v)  which  is  indicative  of  the 
critical  micelle  concentration  (C.M.C.)  for  this  chemical. 
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Table  23.   Effects  on  the  Apparent  Surface  Tension  of 

Deionized  Water  by  Increasing  Concentrations 
of  Dodecyl  Sodium  Sulfate,  Sterilized  and 
Non-Sterilized  Bases  E-3  and  E-4,  and  Various 
Contributory  Components . 


Sample 


Deionized  Water 


Concentration  of 
Sample  in  Test 
Solution  (%  w/v) a 


100 


Apparent 
Surface  Tension'3 
(dynes/cm) 


74.  T 


Dodecyl  Sodium  Sulfate 


0.039 
0.077 
0.113 
0.148 
0.182 
0.214 
0.276 
0.333 


46.7 
38.5 
34.2 
36.8 
37.5 
38.5 
38.9 
39.5 


Base  E-3,  Nonsterile 


0.20 
0.38 
0.57 
0.74 
0.  91 
1.67 
2.31 
2.86 
3.33 
3.75 


62.6 
58.9 
56.2 
56.1 
55.8 
53.7 
52.8 
53.6 
53.7 
53.6 
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Table  23   (Continued) 


Sample 


Base  E-3,  Sterilized 


Concentration  of 
Sample  in  Test 
Solution  (%  w/v) 


0.20 

0.38 
0.57 
0.74 
0.91 
0.67 
2.31 
2.86 
3.33 
3.75 


Apparent 
Surface  Tension 
(dynes/cm) 

63 

.3 

59 

.8 

59 

0 

58 

1 

57 

8 

53. 

9 

53. 

0 

53. 

1 

52. 

1 

51. 

8 

Base  E-4,  Nonsterile 


0.20 

0.38 
0.57 
0.74 
0.91 
1.67 
2.31 
2.86 
3.33 
3.75 


66.4 
65.9 
64.5 
63.5 
63.8 
63.4 
61.9 
60.7 
59.8 
60.9 
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Table  23   (Continued) 


Sample 


Concentra 
Sample  in 
Solution 

tion  of 
Test 
(%  w/v) 

Apparent 
Surface  Tension 
(dynes/cm) 

0.20 

65.7 

0.38 

65.3 

0.57 

63.7 

0.74 

63.8 

0.91 

63.6 

1.67 

61.4 

2.31 

61.6 

2.86 

61.6 

3.57 

61.2 

3.75 

62.5 

Base  E-4,  Sterilized 


PEG  200/400e  0.20  71.7 

0.38  70.9 

0.55  70.6 

0.73  70.4 

0.89  70.1 

1.63  69.1 

2.26  68.6 
2.80  68.4 

3.27  68.8 
3.68  70.5 
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Table  23   (Continued) 


Sample 


Concentration  of 
Sample  in  Test 
Solution  (%  w/v) 

Apparent 
Surface  Tension 
(dynes/cm) 

0.08 

65.9 

0.15 

65.9 

0.23 

66.1 

0.30 

65.8 

0.36 

66.4 

0.67 

65.3 

0.92 

65.4 

1.14 

65.2 

1.33 

65.1 

PEG  4000/400J 


1,2, 6-Hexanetriol^ 


0.12 
0.23 
0.34 
0.44 
0.54 
1.00 
1.38 
1.71 
2.00 
2.25 


73.7 
71.7 
68.8 
68.6 
66.7 
65.1 
62.5 
62.6 
60.0 
61.8 


Concentration  of  sample  in  tested  solution  was  determined 
as  described  in  the  text. 
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Table  23   (Continued) 


Results  represent  the  average  of  triplicate  determinations, 
with  the  exception  of  those  for  deionized  water. 


c 


Value  represents  the  average  of  thirteen  triplicate 
determinations,  with  the  exception  of  those  for  deionized 
water. 

Sterilization  of  10-g  quantity  by  moist  heat  sterilization, 
121°,  for  two  hours,  fast  exhaust.   See  text  for  details 
about  specific  base. 


e 


PEG  200/400:   A  mixture  of  polyethylene  glycols  200  and 
400  in  a  ratio  of  1:2.356,  respectively;  the  vehicle  for 
base  E-3. 

PEG  4000/400:   A  mixture  of  polyethylene  glycols  4000  and 
400  in  a  ratio  of  1:1.5,  respectively;  the  base  for  base 
E-4  minus  the  plasticizer. 

1,2,6-Hexanetriol:   The  plasticizer  component  of  base  E-4. 
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Figure  54.   Effect  of  increasing  concentrations  of 
dodecyl  sodium  sulfate  (sodium  lauryl 
sulfate)  on  the  apparent  surface  tension 
of  deionized  water. 
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Below  the  C.M.C.  the  surface  tension  decreases  rapidly 
with  increase  in  concentration.   Above  the  C.M.C.  the 
surface  tension  is  independent  of  the  chemical  concentra- 
tion.  The  C.M.C.  is  usually  determined  by  extrapolation 
of  slopes  of  the  curves  before  and  after  the  minimum  value, 
their  intersection  providing  the  approximate  mean  concen- 
tration representing  the  narrow  range  of  concentrations 
over  which  micelle  formation  actually  occurs.   The  simi- 
larity of  these  results  with  those  previously  referenced 
indicated  reliability  of  the  equipment  and  method  used 
in  this  study. 

Increasing  concentrations  of  nonsterilized  base  E-3 
had  a  less  dramatic  but  still  pronounced  effect  on 
apparent  aqueous  surface  tension,  as  can  be  seen  in 
Figure  55.   Relative  surface  tension  values  decreased  from 
approximately  74  dynes /cm  to  approximately  53  dynes /cm 
at  a  concentration  of  3.75%  (w/v) .   It  was  evident  that 
base  E-3  possessed  some  surface-active  characteristics. 
Sterilization  of  base  E-3  did  not  significantly  change 
these  surface-active  properties,  as  can  also  be  seen  in 
Figure  55.   There  appeared  to  be  no  abrupt  change  in  the 
apparent  surface  tension  values  as  was  seen  in  the  values 
for  docedyl  sodium  sulfate,  but  development  of  opalescence 
at  a  concentration  of  approximately  0.75%  (w/v)  indicated 
the  formation  of  colloidal  particles  and  also  signaled 
the  cessation  of  rapidly  decreasing  surface  tension 
values. 
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CONC,  (%w/v) 
o  =  Non- Sterilized 
A  =  Sterilized 


Figure  55.   Effects  of  increasing  concentrations  of 
nonsterilized  and  sterilized  base  E-3 
on  the  apparent  surface  tension  of  deionized 
water. 
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This  decrease  in  apparent  surface  tension  could  not 
be  attributed  to  the  polyethylene  glycol  200/400  vehicle 
used  in  base  E-3.   Figure  56  shows  the  effect  of  increasing 
concentrations  of  this  vehicle  on  apparent  aqueous  surface 
tension.   All  solutions  of  this  vehicle  in  water  were 
clear. 

Increasing  concentrations  of  nonsterilized  base  E-4 
produced  little  effect  on  the  apparent  aqueous  surface 
tension,  as  illustrated  in  Figure  57.   Sterilization  of 
base  E-4  by  moist  heat  for  2  hours  did  not  effect  the 
surface-tension  lowering  properties  of  this  base.   A 
slight  haze  developed  at  a  concentration  of  approximately 
1.7%  (w/v)  ,  indicating  some  colloidal  formation  which 
persisted  at  higher  concentrations. 

The  limited  surface-active  effects  seen  due  to  base  E-4 
appeared  to  be  a  combination  of  the  individual  surface- 
tension  lowering  characteristics  of  the  vehicle,  a  poly- 
ethylene glycol  400/4000  combination,  and  of  the  plasti- 
cizer,  1, 2 ,6-hexanetriol.   These  effects  are  presented  in 
Figure  58  and  59. 

General  Comments 

It  was  apparent  that  base  E-3  had  some  surface-active 
properties  which  could  not  be  attributed  readily  to  the 
polyethylene  glycol  vehicle.   The  Carbopol   polymer  was 
considered  as  the  source  of  these  effects. 
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Figure  56.   Effect  of  increasing  concentrations  of 
polyethylene  glycol  200/400  vehicle  on 
the  apparent  surface  tension  of  deionized 
water. 
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Figure  57. 


Effects  of  increasing  concentrations  of 
nonsterilized  and  sterilized  base  E-4  on 
the  apparent  surface  tension  of  deionized 
water. 


340 


o 

s 

cr  50 


40 


1 ' ' > 1 1    ' 1 1 ■ 

0      0.25    0.50    0.75 


1.00    1.25     1.50 


CONC.  (%  w/v) 


Figure  58. 


Effect  of  increasing  concentrations  of 
polyethylene  glycol  400/4000  vehicle  on 
the  apparent  surface  tension  of  deionized 
water. 
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0.5     1.0      1.5 
CONC.  (%  w/v  ) 


Figure  59.   Effect  of  increasing  concentrations  of 

1,2 ,6-hexanetriol  on  the  apparent  surface 
tension  of  deionized  water. 
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Testa  and  Etter  (224)  studied  sodium  hydroxide- 
neutralized  CarbopolR  934,  940,  and  941  (equiv.  wts .  73.5, 
74.0,  and  73.0,  respectively)  salts  in  various  aqueous 
dilutions  by  means  of  conductimetry  and  surface  tension 
measurements.   Their  purpose  was  to  attempt  to  elucidate 
certain  characteristics  concerning  the  conformational 
state  of  polyelectrolytes  in  solution.   The  interactions 
evaluated  were  of  two  kinds.   The  first  was  a  polyion- 
counterion  interaction  which  involved  the  interplay 
between  the  salt  form  of  the  macromolecule  which  forms 
"clouds"  of  concentrated  charge  around  it  and  the  charges 
attracted  or  repelled  by  the  more  evenly-distributed 
counterious  in  solution;  this  interaction  depends  upon  the 
degree  of  neutralization  of  the  polyelectrolyte  and  its 
concentration  favoring  extended  conformations  of  the 
macromolecule . 

The  second  interaction  studied  was  dependent  on  the 
first  and  consisted  of  polyion-polyion  interactions 
involving  direct  interactions  (entanglement  of  macro- 
molecular  chains)  and  indirect  interactions  (overlap  of 
layers  of  bound  water  and  counterions  around  each  polyion) . 
These  effect  directly  such  behavior  as  viscosity  and 
rheological  character. 

Their  results  suggest  that  the  onset  of  a  psuedoplastic 
flow  behavior  is  associated  with  the  beginning  of  indirect 
polyion-polyion  interactions.   This  hypothesis  came  from 
conductiometric  data.   Surface  tension  measurements  were 
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stated  to  allow  precise  determination  of  the  threshold 
concentrations  at  which  changes  occur  in  the  structural 
properties  of  the  polyelectrolyte  dispersions,  and  pointed 
to  a  critical  concentration  which  rheograms  suggested  to 
mark  the  onset  of  a  finite  yield  value  and  the  beginnings 
of  plastic  flow  characteristics. 

No  indication  of  surface  activity  for  a  neutralized 
Carbopol   polymer  was  reported  in  the  Testa  study.   In 
fact,  several  instances  were  presented  where  surface 
tension  of  aqueous  solutions  actually  increased. 

This  seeming  contradiction  could  be  explained  by 
consideration  of  the  salt  forms  of  CarbopolR  studied,  and 
is  referred  to  in  a  report  by  Wolff  and  Meyer  (225) . 
Testa  and  Etter  (224)  state  that  in  the  case  of  poly- 
electrolytes,  no  increase  in  concentration  exists  close 
to  the  surface  of  the  liquid;  thus  tensiometric  measurements 
lead  to  results  characterizing  the  solution  as  a  whole. 
Wolff  indicates  that  the  use  of  long-chain  amines  as  the 
neutralizing  material  produces  surface-active  compounds 
that  are  capable  of  micelle  formation.   CarbopolR  salts 
in  this  present  study  were  neutralized  with  EthomeenR  C/25, 
a  tertiary  amine  having  one  fatty  alkyl  group  and  two 
polyoxyethylene  groups  attached  to  the  nitrogen,  possessing 
the  ability  to  lower  surface  tension  substantially. 

The  implications  of  these  surface  tension  results 
impact  on  both  the  ophthalmic  use  of  the  tested  prepara- 
tions and  possible  future  preservative  testing.   Instillation 
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of  surface-active  preparations  affect  the  tear  volume 
and  tear  film  thickness,  which  in  turn  affect  the  rapidity 
of  spreading,  the  rate  of  medicament  release  from  the 
preparations,  and  the  length  of  time  the  medicament  is  in 
contact  with  the  eye,  and  have  been  noted  more  fully  in 
the  literature  review  section  of  this  study.   The  ability 
of  a  macromolecule  to  form  micelles  in  solution  complicates 
the  preservative  testing  results  in  that,  if  they  are 
formed,  micelles  may  either  serve  as  a  source  of  bacterial 
entrapment,  thus  yielding  false  negative  results,  or  as 
a  reservoir  for  lipid-soluble  preservatives  thus  rendering 
the  preparation  susceptible  to  bacterial  growth. 

In  summary,  samples  of  base  E-3  exhibited  significant 
surface-active  effects  at  low  concentrations  by  lowering 
the  apparent  surface  tension  of  deionized  water;  samples 
of  base  E-4  had  only  a  slight  similar  effect.   Steriliza- 
tion of  either  base  E-3  or  E-4  by  moist  heat  (121°)  for 
2  hours  had  no  effect  on  the  surface-tension  lowering 
characteristics.   Long-chain  amine-neutralized  CarbopolR 
polymers  were  the  apparent  source  of  surface  activity 
attributed  to  base  E-3. 


Relative  Bioavailability  of  Atropine  Sulfate  from 
Bases  E-3  and  E-4  in  Rabbit  Eyes 


The  purpose  of  these  experiments  was  to  compare  the 
relative  ocular  bioavailability  of  atropine  sulfate  from 
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bases  E-3  and  E-4  with  that  from  an  oleaginous  commer- 
cially available  sterile  ophthalmic  atropine  sulfate 
ointment. 

Table  24  lists  the  results  of  a  preliminary  test  to 
determine  the  approximate  time  required  to  obtain  a  maximum 
dilatation  effect  after  a  single  ophthalmic  instillation 
of  each  test  formulation.   These  data  indicated  that 
maximum  dilatation  occurred  about  30-40  minutes  after 
single-dose  administration,  and  permitted  the  establish- 
ment of  initial  observation  times  for  the  more  complete 
study  which  followed. 

Table  25  presents  a  summary  of  the  measurements  of 
rabbit  eye  pupil  diameter  changes  resulting  from  a  single- 
dose  administration  of  the  ointments  evaluated  in  the 
randomized  three-way  crossover  study.   Results  are  listed 
as  the  averages  of  the  right  and  left  eye  responses  of 
individual  animals  to  the  instillation  of  the  same  ointment 
sample. 

Important  parameters  in  the  evaluation  of  relative 
bioavailability  data  include  the  maximum  response  to  a 
single  administration,  the  time  postinstillation  to 
achieve  that  maximum  response,  and  the  relative  area 
under  the  single  dose-response  curve.   These  values  are 
summarized  in  Table  26  for  the  ointments  studied. 
Figures  60  to  62  illustrate  the  group  average  %  dilatation 
response  values  for  a  particular  ointment  as  a  function 
of  time.   Relative  values  for  area  under  the  curve  were 
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Table  26.   Summary  of  Averaged  Bioavailability-Related 

Parameters  for  Commercial  Standard,  Base  E-3, 
and  Base  E-4  Ophthalmic  Ointments  Containing 
1%  (w/w)  Atropine  Sulfate 


Parameter 


Atropine  Sulfate  Ointment 


Com.  Std. 


Base  E-3 


Base  E-4 


Peak  of  the  Average  % 
Dilatation-Time 
Curvea 

42.5% 

35.4% 

37.6% 

Average  of  the 
Individual  Peak 
%  Dilatation 
Responses*3 

44.8% 

38.6% 

40.9% 

Time  of  the  Peak  of 
the  Average  % 
Dilatation-Time 
Curvec 

0.5  hr 

0.5  hr 

1.0  hr 

Average  of  the 
Individual  Peak 
Times** 

1.44  hr 

1.48  hr 

1.04  hr 

Relative  Area  Under 
the  Average  % 
Dilatation-Time 
Curve e 

0.242 

0.200 

0.220 

Per  Cent  Change  in 
Rel.  Area  Under 
Average  % 
Dilatation-Time 
Curve  Compared 
With  Commercial 
Standard 

■ 

0% 

-17.35% 

—8.26% 

Defined  as  the  value  for  the  maximum  average  %  dilatation 
achieved  on  the  %  Dilatation-Time  curve  for  any  individual 
animal;  the  highest  value  found  for  each  formulation. 


Defined  as  the  average  of  the  maximum  %  dilatation 
responses  for  12  animals  for  each  formulation. 


353 


Table  26   (Continued) 


c 

Defined  as  the  peak  or  maximum  value  obtained  from 

the  Average  %  Dilatation-Time  curve  for  each  formulation. 

Defined  as  the  average  of  the  individual  times  of  peak 
or  maximum  %  dilatation  response  for  12  animals  for 
each  formulation. 

e 
Determined  by  weighing  procedure  described  in  text. 
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determined  by  xerographic  transfer  of  each  graph  to 
paper  of  uniform  density  followed  by  carefully  cutting 
out  the  graph  bordered  by  the  0  to  48  hours  observation 
period  and  the  0  to  maximum  %  dilatation  response  in 
pupil  diameter  values,  and  then  weighing  each  cut-out  on 
an  analytical  balance. 

Maximum  individual  %  dilatation  values  and  the  times 
required  to  reach  these  values  for  each  formulation 
were  compared  and  analyzed  by  an  analysis  of  variance 
(ANOVA)  technique  as  described  by  Winer  (226). 
Tables  27  and  28  summarize  these  results. 

General  Comments 

A  reason  for  including  these  experiments  in  this 
present  study  was  to  extend  the  application  of  bases  E-3 
and  E-4  as  possible  ophthalmic  vehicles  beyond  that  of 
carriers  for  BAL  (dimercaprol)  into  more  general  use  with 
a  more  common  medication,  atropine  sulfate.   In  showing 
that  these  bases  released  medication  effectively  when 
compared  with  a  commercially  available  standard  prepara- 
tion, support  would  be  obtained  for  previous  studies 
using  dimercaprol  which  showed  effective  release  both 
in  vitro  and  in  vivo  but  for  which  no  commerical  standard 
was  available.   In  addition,  atropine  sulfate  had  served 
as  the  model  drug  for  rheological  studies  previously 
described  in  this  study  and  its  use  here  for  continuity 
was  deemed  important. 
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Bioavailability  can  be  defined,  for  the  purposes 
of  this  discussion,  as  the  amount  (or  relative  amount) 
of  the  administered  drug  that  reaches  the  site  of 
activity  in  the  eye.   As  this  study  involved  local  adminis- 
tration by  topical  route,  the  more  quantitative  determina- 
tion of  "absolute"  bioavailability,  usually  restricted 
to  a  comparison  of  amounts  of  drug  in  the  systemic  circu- 
lation after  oral  and  intravenous  administration  of  similar 
doses,  was  not  applicable,  and  the  "relative"  comparison 
between  a  test  sample  and  a  recognized  commercial  standard 
preparation  was  used.   Ideally,  plasma  levels  or  aqueous 
humor  concentrations  as  a  function  of  time  after  instil- 
lation of  an  ophthalmic  drug  would  have  provided  the 
necessary  data,  but  these  were  not  readily  available; 
therefore,  the  measurement  of  the  degree  of  pharmacologi- 
cal effect  as  a  result  of  the  administration  of  the  drug 
from  various  vehicles  served  this  purpose.   A  thorough 
discussion  of  this  aspect  of  bioavailability  can  be  found 
in  the  text  by  Gibaldi  and  Perrier  (227)  . 

Atropine  is  classified  as  a  cholinergic  blocking 
agent,  and  is  obtained  as  dl-hyoscyamine,  the  racemization 
occurring  during  the  extraction  process  from  the  natural 
product.   The  pharmacologically-active  form  is  the 
levorotatory  fraction.   Atropine  is  the  combination  of  a 
complex  organic  base,  tropine  (tropanol) ,  and  an  aromatic 
acid,  tropic  acid,  to  form  an  organic  ester.   The  exis- 
tence of  this  ester  of  tropic  acid  and  a  tertiary  amino 
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alcohol,  as  well  as  the  presence  of  a  free  OH  group, 
appears  necessary  for  antimuscarinic  activity;  tropine 
base  alone  is  inactive  (228) . 

Atropine  is  a  competitive  antagonist  of  acetylcholine 
at  receptor  sites  and  its  actions  on  the  eye  are 
straightforward  (229,230).   Used  as  a  0.5  to  1%  solution 
or  a  1%  (w/w)  ointment  applied  directly  to  the  conjunctiva, 
the  drug  will  produce  dilatation  of  the  iris  (mydriasis) 
and  paralysis  of  accommodation  (cycloplegia) .   The 
circular  muscle  of  the  iris  receives  cholinergic  innerva- 
tion through  fibers  traveling  in  the  third  nerve.   Atropine 
blocks  the  actions  of  acetylcholine  on  this  sphincter 
muscle,  and  the  resulting  predominance  of  the  radial  fibers 
produces  mydriasis,  a  dilated  pupil  which  does  not  react 
to  light.   Cycloplegia  is  caused  by  paralysis  of  the 
ciliary  muscles  connected  to  the  lens;  these  muscles  are 
normally  innervated  by  cholinergic  figers.   Cycloplegia 
is  not  obtainable  without  mydriasis. 

The  action  of  atropine  in  the  normal  human  eye  is 
very  prolonged,  with  mydriasis  occurring  within  30-40  minutes 
after  instillation  and  latin  7-10  days  and  cycloplegia 
reaching  a  maximum  1-3  hours  postinstillation  and  lasting 
7-12  days  (231) .   Chronic  administration  topically  can 
lead  to  conjunctivitis,  and  some  systemic  effects  may  be 
seen,  especially  in  children,  from  absorption  into 
mucosal  surfaces  by  way  of  the  nasolacrimal  duct. 
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The  processes  involved  in  the  ocular  absorption  of 
atropine  sulfate  and  similar  alkaloidal  compounds  have 
been  fully  described  by  Mullins  and  Cadwallader  (232) 
and  by  Patton  (233) ,  and  serve  as  adequate  references 
for  additional  information  in  this  area. 

It  has  been  suggested  by  Mann  and  Pullinger  (234) 
that  the  pathologic  processes  in  rabbits  are  speeded  up 
in  proportion  to  their  shorter  life-span,  possibly  as 
much  as  ten  times  that  of  man.   Some  support  for  this 
view  is  presented  in  comparative  rates  of  wound  healing 
and  the  induction  rates  of  certain  cancers.   Heart  rate 
in  the  rabbit  is  normally  180/min. ,  respiratory  rate  about 
50/min. ,  and  body  temperature  39.4°  (rectal)  (235),  all 
of  which  are  higher  than  those  in  man,  suggesting  a  higher 
metabolic  rate  for  the  rabbit  and  possibly  shorter  duration 
of  pharmacological  effects  as  a  result  of  atropine 
administration.   The  observed  short  duration  of  dilatation 
(less  than  2  days)  in  the  animals  in  this  study  would 
seem  to  support  this  assumption. 

As  a  result  of  these  considerations,  a  separation 
period  of  1  week  between  administrations  of  test  samples 
to  each  group  was  felt  to  be  adequate  to  prevent  carry- 
over or  additive  effects.   The  ANOVA  tests  presented 
indicate  that  no  statistically  significant  difference 
was  found  in  responses  obtained  at  various  times  of 
administration  for  the  same  formulation. 
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The  randomized  three-way  crossover  design  was 
selected  based  on  a  discussion  by  Chodas  and  DiSanto  (236) 
to  accomplish  a  reduction  in  subject- to-subject  variation 
by  use  of  each  animal  as  his  own  "control",  and  to  reduce 
any  variation  due  to  time  by  treating  equal  numbers  of 
subjects  with  each  medication  simultaneously.   The  data 
from  this  Latin  square  design  was  analyzed  by  an  analysis 
of  variance  (ANOVA)  technique  in  which  the  sources  of 
variation  were  separated  and  compared  for  statistically 
significant  differences. 

Saunders  and  Fleming  (237)  discuss  this  approach  to 
data  analysis  by  stating  that  variance  is  an  additive 
property  in  which  the  total  variance  of  a  set  of  results 
can  be  broken  down  into  components  associated  with 
different  causes.   With  proper  tabulation,  the  variances 
of  results  within  groups  and  between  groups  are  estimated, 
and  their  ratio  F  is  determined.   By  comparison  of  this 
value  with  theoretical  values  of  F  for  a  normal  distribu- 
tion, the  decision  can  be  made  as  to  whether  the  variances 
differ  significantly  or,  in  other  words,  whether  the 
compared  sets  of  results  could  have  come  from  the  same 
population  with  some  measure  of  confidence. 

If  the  assumption  that  no  interactions  existed  among 
the  three  main  factors  -  those  of  time  of  administration, 
type  of  ointment  tested,  and  the  individual  animal  group  - 
or  that  any  such  interactions  were  negligible  relative 
to  main  effects,  the  variance  due  to  the  residual  sources 
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should  not  differ  appreciably  from  the  variance  due  to 

experimental  error.   The  expected  values  for  the  residual 

and  the  within-cell  variances  are  both  estimates  of 

variance  due  to  experimental  error.   A  partial  test  on 

the  appropriateness  of  these  assumptions  is  given  by  the 

F  ratio. 

Mean  Square  ,    .  ,   ,  , 
p  _  * (residual) 


Mean  Square  ,   ,  ,.     .,  n  . 
^      (within  cell) 


The  magnitude  of  this  ratio  indicates  the  extent  to  which 
the  observed  data  conform  to  the  postulate  that  no 
interactions  exist. 

As  the  extent  of  cycloplegia  in  the  eyes  of  a  test 
animal  could  not  be  evaluated  accurately  or  readily,  the 
two  responses  most  able  to  be  determined  directly  were  the 
maximum  per  cent  dilatation  of  the  rabbit  eye  pupil,  and 
the  time  required  to  initially  produce  this  effect  after 
administration  of  a  single  dose  of  test  ointment  containing 
atropine  sulfate.   The  duration  of  this  light- insensitive 
mydriasis  and  the  relative  amount  of  drug  absorbed  were 
related  by  graphs  as  a  function  of  observation  times  and 
by  determined  relative  areas  under  the  curve,  respectively. 

The  ANOVA  for  maximum  individual  per  cent  dilatation 
response  to  single-dose  administration  of  each  test 
ophthalmic  ointment  (Table  27)  indicated  that  no  signifi- 
cant difference  could  be  found  among  the  effects  produced 
by  any  of  the  test  preparations.   A  comparison  of  the 
values  for  the  residual  and  within-cell  mean  squares  as 
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an  F-ratio  indicated  no  significant  differences,  suggesting 
that  the  observed  data  supported  the  no-interaction 
assumptions.   Note  should  be  made  of  the  large  value  for 
the  wi thin-cell  mean  square,  a  factor  discussed  later. 
The  ANOVA  for  time  required  to  attain  the  maximum 
individual  dilatation  response  to  single-dose  administra- 
tion of  each  test  ophthalmic  ointment  (Table  28)  similarly 
indicated  no  significant  difference  among  the  test  prepara- 
tions, which  on  the  average  produced  their  maximum  effect 
within  1  hour  of  administration.   Again,  the  large  wi thin- 
cell  mean  square  value  should  be  noted. 

It  has  been  suggested  that,  as  a  general  rule  of 
thumb,  differences  of  less  than  20%  in  overall  responses 
are  insignificant  when  comparing  similar  preparations  for 
bioequivalence  of  relatively  nontoxic  substances  and 
substances  administered  by  some  route  other  than  intra- 
veneous,  such  as  topically  (238).   A  comparison  of  the 
relative  areas  under  the  average  per  cent  dilatation-time 
curves  (Table  26)  indicated  no  significant  difference 
among  the  test  ointments,  an  indication  that  roughly 
equal  quantities  of  atropine  sulfate  were  released  and 
absorbed  by  the  eye  from  each  test  preparation. 

It  is  believed  that  most  drugs  are  poorly  absorbed 
topically  in  the  eye;  less  than  1%  of  the  instilled 
dose  in  solutions  is  absorbed  (239) .   The  influence  on 
absorption  exerted  by  incorporating  the  drug  in  a  semi- 
solid vehicle  is  generally  accepted  as  being  significant, 
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and  it  was  assumed  that  the  different  vehicles  used  in 
this  study  would  effect  the  release  of  atropine  sulfate 
to  the  corneal  surface.   The  commercial  standard  prepara- 
tion possessed  an  oleaginous  vehicle,  a'  lipid  material 
which  provided  the  driving  force  for  release  of  the 
water-soluble  drug  preferentially  into  the  tears  upon 
melting  and  spreading.   Bases  E-3  and  E-4,  each  water- 
soluble,  may  compete  for  the  drug,  retarding  its  release. 
However,  no  marked  differences  were  shown  in  this  study, 
possibly  because  the  lipid  driving  force  was  counter- 
balanced by  the  more  rapid  solubilization  and  mixing  of 
the  water-soluble  bases. 

Irritation  effects  were  similar  for  each  ointment. 
They  were  initial,  brief,  and  resulted  in  complete  recovery 
in  every  case.   There  was  no  evidence  of  differences 
in  irritation  potential  attributable  to  the  sterilization 
of  bases  E-3  and  E-4,  or  the  occurrence  of  infection  as  a 
result  of  instillation  of  any  of  the  test  ointments.   No 
preservatives  were  used. 

A  factor  in  the  rate  of  absorption  of  alkaloidal 
substances  is  the  pH  of  the  tear  fluid  in  contact  with  the 
corneal  surface.   Absorption  through  the  corneal 
epithelium  requires  a  nonionic  species  of  atropine  which 
is  favored  by  a  more  alkaline  environment.   Relatively 
large  amounts  of  atropine  sulfate  solubilized  in  the  tear 
fluid  after  release  from  the  petrolatum-based  commercial 
standard  would  tend  to  lower  the  pH  of  the  tears,  normally 
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at  about  pH  7.4,  and  favor  the  ionic  species  until  the 
natural  buffering  capacity  of  the  lacrimal  fluid  corrects 
this  imbalance,  largely  by  dilution.   The  lipid  base 
presumably  contributes  little  to  these  changes  in  pH. 

Alternately,  pH  studies  of  bases  E-3  and  E-4  indicated 
decreasing  pH  values  with  increasing  concentrations, 
and  it  may  be  assumed  that  the  bases  themselves  are  factors 
in  the  contribution  to  lowered  tear  pH  and  possible 
initial  retardation  of  atropine  absorption. 

However,  no  statistically  significant  differences 
were  shown  in  absorption  rate,  indicated  by  individual 
times  required  to  attain  maximum  per  cent  dilatation 
response,  or  in  relative  total  amount  of  drug  absorbed, 
indicated  by  comparative  areas  under  the  curves  and  by  the 
maximum  per  cent  dilatation  responses.   It  is  possible 
that  the  small  quantity  of  test  ointment  instilled  allowed 
rapid  adjustment  of  pH  by  the  tears,  or  that  the  supposed 
lower  buffer  capacity  of  the  bases  E-3  and  E-4  made  rapid 
pH  changes  possible.   The  rapid  appearance  of  high 
concentrations  of  solubilized  atropine  sulfate  could  serve 
also  to  overwhelm  smaller  pH  effects. 

Puzzlingly  large,  yet  consistent,  differences  in 
observed  diameters  among  the  rabbits  tested  prompted 
a  literature  search  to  explain  these  variations.   It  has 
been  observed  previously  that  variance  within  a  cell  or 
group  of  observations  was  high  in  both  ANOVA  presented. 
Had  this  variance  been  less  (reduced  "noise"  in  the 
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experiment) ,  it  was  possible  that  smaller,  yet  signifi- 
cant, differences  among  the  test  preparations  may  have 
been  seen. 

It  is  known  that  the  normal  rabbit  eye  pupil  is  about 
7  mm  in  diameter,  and  that  it  will  contract  in  light  to 
5  mm  (a  decrease  of  2  9%)  and  dilate  under  emotion  to 
11  mm  (an  increase  of  71%)  (240)  ,  a  range  of  values  sup- 
ported by  the  present  study.   In  addition,  the  pupil  varies 
in  shape  from  animal  to  animal,  sometimes  circular  but 
more  often  vertically  oval.   These  differences  were 
accounted  for  in  the  method  of  measurement  used  and  could 
not  be  considered  as  the  source  of  such  wide  variations 
as  observed. 

The  most  probable  source  of  these  differences  was 
attributed  to  the  existence  in  random  rabbits  of  an 
enzyme,  variously  named  atropine  esterase,  atropinase, 
and  tropinesterase,  found  in  the  blood  and  liver  of  some 
species  of  animals,  especially  certain  rodents  and  mar- 
supials, that  destroys  the  alkaloid.   These  animals,  which 
include  some  species  of  rabbit,  show  no  toxic  effect  when 
fed  on  a  diet  of  belladonna  leaves  (241) .   The  resistance 
of  these  rabbits  is  genetically  determined.   Kruckenberg, 
Book,  and  Feldman  (242)  reported  that  atropine  is  of  little 
value  in  the  treatment  of  organophosphate  (cholinesterase 
inhibitors)  poisoning  in  the  rabbit  because  of  the  high 
atropinase  levels  normally  present  in  this  species. 


370 

Quinton  (243)  provides  a  good  review  of  the  origins 
of  atropine-insensitive  rabbit  strains  and  describes  a 
useful  screening  procedure  for  the  detection  of 
propinesterase  activity  in  rabbits.   The  enzyme  is  not 
specific  for  atropine  and  (-)  hyoscyamine,  but  also 
hydrolyses  hyoscine,  homatropine ,  benactyzine,  and  many 
other  aminoalcohol  esters  of  tropic,  benzilic,  diphenylace- 
tic  and  related  acids.   The  in  vivo  screening  test 
consists  in  part  of  the  ocular  instillation  of  1  drop 
containing  1  ug  of  hyoscyamine  sulfate  (approximately 
one- thousandth  of  the  dose  of  atropine  used  in  the 
present  study)  in  the  conjunctival  sac  of  one  eye  of  a 
rabbit,  with  measurement  of  the  degree  of  pupil  dilatation 
60  minutes  later.   Rabbits  lacking  tropinesterase  activity 
give  a  positive  mydriatic  response,  while  those  in  which 
the  enzyme  is  present  do  not. 

This  screening  test  may  be  applicable  only  if  the 
quantity  of  atropine  sulfate  used  is  low.   Results  of  the 
present  study  suggested  that  increasing  the  concentration 
a  thousand-fold  and  changing  the  vehicle  in  which  the 
drug  is  contained  may  provide  enough  atropine  for  a  suf- 
ficient period  of  time  to  partially  overwhelm  the  enzyme, 
producing  partial  dilatation  in  some  animals.   This  point 
was  not  pursued  in  the  absence  of  sufficient  data  to 
determine  which  animals  might  possess  the  enzyme. 

If  a  select  number  of  rabbits  in  this  present  study 
did  indeed  have  this  tropinesterase  enzyme,  the  random 
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distribution  of  the  animals  and  the  Latin  square  design 
still  should  have  provided  a  useful  set  of  data;  however, 
the  increased  experimental  error  allowed  only  the  grossest 
differences  to  be  determined  as  the  basic  assumption  of 
the  existence  of  no  interactions  would  have  been  no  longer 
valid. 

In  summary,  the  ocular  bioavailabilities  of  atropine 
sulfate  from  the  experimental  water-soluble  bases  E-3  and 
E-4  were  tested  against  a  commercially  available  petro- 
latum-based atropine  sulfate  ophthalmic  ointment  by  way 
of  a  randomized  three-way  crossover  study  in  rabbit  eyes. 
Relative  quantities  of  drug  absorbed  and  rates  of 
absorption  were  indicated  indirectly  by  measurement  of  the 
per  cent  dilatation  response  of  the  pupil  as  a  function 
of  time  and  the  analysis  of  various  parameters.   No 
statistically  significant  differences  in  the  compared 
preparations  in  terms  of  response  could  be  shown;  however, 
the  probable  existence  in  an  undetermined  number  of  tested 
animals  of  a  tropinesterase  enzyme  which  rapidly  hydrolyzes 
the  test  drug  may  have  indicated  the  presence  of 
significant  interactions  in  the  residual  variances.   This 
high  level  of  experimental  "noise"  prevented  the  determina- 
tion of  lesser  significant  differences  among  the  tested 
preparations. 
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Supportive  Studies 


Determination  of  Apparent  pH 

The  results  of  apparent  pH  determinations  of  increasing 
concentrations  of  bases  E-3  and  E-4,  with  and  without 
atropine  sulfate,  are  presented  in  Table  29  and  graphically 
in  Figure  63.   These  data  showed  that  increasing  con- 
centrations of  each  base  gave  more  acidic  pH  readings,  with 
a  relatively  constant  plateau  having  been  reached  at  the 
more  concentrated  levels.   The  addition  of  1%  (w/w) 
atropine  sulfate  to  base  E-3  resulted  in  a  lowered  pH 
profile,  decreasing  the  determined  values  by  approximately 
0.5  pH  units  in  most  cases.   Addition  of  atropine  sulfate 
to  base  E-4  had  no  effect  on  the  apparent  pH  values,  each 
remaining  the  same  as  that  of  the  parent  base,  except  for 
slight  variations  at  the  highest  concentrations. 

Solutions  of  base  E-3  samples  were  clear  only  at  the 
lowest  dilutions,  while  those  of  base  E-4  were  clear  for 
dilutions  from  0.05%  to  3%,  after  which  a  slight  haze 
became  evident.   The  influence  of  this  turbidity  on  the 
apparent  pH  values  determined  was  not  known;  however,  the 
coating  of  electrodes  during  this  set  of  experiments  made 
reproducible  determinations  difficult  unless  scrupulous 
cleaning  procedures  were  used  after  each  reaching. 
Centrifugation  of  samples  had  little  or  no  effect  on  the 
resulting  determination  and  the  turbidity  may  be  assumed 
to  be  colloidal  in  nature. 


373 


Table  29.   Results  of  Apparent  pH  Determinations  for  Various 
Aqueous  Dilutions  of  Bases  E-3  and  E-4,  With 
and  Without  1%  (w/w)  Atropine  Sulfate  at  Zero 
Timea  and  20°. 


Sample 


Solution 

Apparent 

Solution 

Concentration 

pH  Value 

Appearance 

%  (w/v)b 

0.05 

8.45 

clear 

0.1 

8.10 

si.  opalescence 

0.5 

7.05 

si.  opalescence 

1.0 

5.90 

opalescence 

1.5 

4.75 

opalescence 

2.0 

4.65 

opalescence 

3.0 

4.55 

opalescence 

10.0 

4.25 

turbid , colorless 

25.0 

4.20 

turbid 

50.0 

N.A.C 

viscous 

0.05 

8.35 

clear 

0.1 

7.80 

si.  opalescence 

0.5 

4.95 

si.  opalescence 

1.0 

4.55 

si.  opalescence 

1.5 

4.30 

opalescence 

2.0 

4.15 

opalescence 

3.0 

4.05 

opalescence 

10.0 

3.80 

turbid 

25.0 

3.75 

turbid 

50.0 

N.A.C 

viscous 

Base  E-3 


Base  E-3  containing 
1%  (w/w)  Atropine 
Sulfate 


Base  E-4 


0.05 


8.60 


clear 


0.1 

8.25 

clear 

0.5 

7.80 

clear 

1.0 

6.95 

clear 

1.5 

6.10 

clear 

2.0 

5.65 

clear 

3.0 

5.35 

clear 

10.0 

4.40 

si.  translucent 

25.0 

4.25 

si.  translucent 

50.0 

N.A.C 

viscous 
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Table  29   (Continued) 


Sample          Solution 

Apparent 

Solution 

Concentration 

pH  Value 

Appearance 

O 

(w/v)D 

Base  E-4  containing 

0.05 

8.60 

clear 

1%  (w/w)  Atropine 

0.1 

8.25 

clear 

Sulfate 

0.5 

7.80 

clear 

1.0 

6.95 

clear 

1.5 

6.15 

clear 

2.0 

5.65 

clear 

3.0 

5.35 

clear 

10.0 

4.60 

si.  translucent 

25.0 

4.50 

si.  translucent 

50.0 

N.A.C 

viscous 

All  determinations  were  completed  within  30  minutes  of 
sample  solution  preparation  and  centrifugation. 

Concentrations  0.05%  to  3.0%  were  made  by  appropriate 
dilutions  of  a  stock  3.0%  (w/v)  solution  with  C02~free 
distilled  water.   Concentrations  of  10%  to  50%  (w/v) 
were  made  by  direct  weight  and  solubilization. 


'Reproducible  value  was  not  obtainable  due  to  viscosity 
of  solution. 
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Figure  63.   Apparent  pH  determinations  of  various  aqueous 
dilutions  of  bases  E-3  and  E-4,  with  and  with- 
out 1%  (w/w)  atropine  sulfate  (AtSO/j)  , 
immediately  after  solution  and  at  20°. 
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In  the  evaluation  of  any  preparation  for  possible 
ophthalmic  use,  the  effects  of  pH  on  the  stability  of  the 
product  and  on  the  response  obtained  upon  application  to 
the  eye  assume  great  importance. 

Newton  (244,  198)  established  apparent  pH  values  for 
base  E-3  (originally  base  X-61)  of  6.0  for  undiluted  base 
and  4.0  for  a  20%  (w/v)  aqueous  solution  of  the  base,  and 
for  base  E-4  (originally  base  X-77)  of  7.3  for  undiluted 
base  and  5.3  for  a  20%  (w/v)  aqueous  solution  of  the 
base.   Similarly,  Aponte  (245)  determined  single-point 
apparent  pH  values  for  these  bases  at  zero  time  in  glass 
containers,  the  value  for  a  1%  (w/v)  solution  of  base  E-3 
at  30°  being  4.2-4.8,  while  that  of  base  E-4  was  6.5-7.0. 

Subsequent  attempts  to  study  apparent  pH  values  of 
undiluted  bases  provided  results  which  varied  considerably, 
It  was  felt  that  a  more  accurate  and  realistic  approach 
would  be  the  construction  of  a  simple  pH  profile  over  a 
broad  range  of  concentrations,  observing  changes  in  pH 
upon  dilution  such  as  might  occur  after  application  to 
the  eye. 

The  results  indicated  that  each  base  apparently  would 
serve  as  a  stable  vehicle  for  atropine  sulfate,  as  well  as 
other  alkaloidal  drugs;  however,  the  combination  of 
atropine  sulfate  with  base  E-3  decreased  the  apparent  pH 
to  a  level  at  which  increased  irritation  potential  due 
to  the  acidity  of  the  instilled  product  was  possible. 
It  has  been  noted  that  transient  irritation  was  seen  in 
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rabbit  eyes  receiving  this  preparation  in  the  experiments 
relating  to  the  bioavailability  of  atropine  sulfate  from 
these  bases.   Additional  work  on  the  degree  of  neutraliza- 
tion and  possible  buffering  of  these  bases  would  prove 
helpful  in  this  regard. 

Tonicity  Effects  of  Aqueous  Dilutions  of  Bases  E-3  and 
E-4  on  Suspended  Red  Blood  Cells 

Highly  hypertonic  or  hypotonic  ophthalmic  preparations 
produce  effects  on  sensitive  tissues  which  result 
clinically  in  increased  levels  of  irritation  and  tissue 
destruction.   Tonic  effects  may  be  determined  by  one  of 
two  methods,  either  by  measurement  of  any  of  a  number  of 
colligative  properties,  such  as  freezing  point  depression, 
or  by  the  hemolytic  method,  a  sensitive  in  vitro  test 
utilizing  suspensions  of  red  blood  cells. 

Husa  and  Adams  (246)  described  a  method  for  testing 
the  ability  of  specific  concentrations  of  various  sub- 
stances to  hemolyze  a  suspension  of  red  blood  cells,  pro- 
viding a  rapid  visual  evaluation  of  tonic  effects.   This 
method  utilized  defibrinated  human  blood  which  required 
its  use  within  24  hours  of  being  taken.   This  method, 
modified  as  described,  was  used  in  conjunction  with  direct 
microscopic  observation  to  evaluate  the  tonic  effects  of 
various  aqueous  dilutions  of  bases  E-3  and  E-4  on  washed 
suspensions  of  human  red  blood  cells. 

Table  30  presents  the  qualitative  results  of  these 
determinations . 
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Table  30.   Tonicity  Effects  of  Various  Dilutions  of 

Bases  E-3  and  E-4,  With  and  Without  1%  (w/w) 
Atropine  Sulfate,  on  Human  Red  Blood  Cell 
Suspensions. 


Sample 


Aqueous 

Tonic 

Microscopic 

Solution 

Effects" 

Observations0 

Concentration3 

%  (w/v) 

3.0 

- 

Red  Blood 
Cells  (RBC) 

2.0 

— 

are  intact,  no 
crenation, 

1.0 

+ 

some  clumping. 

0.5 

+ 

0.025 

+ 

3.0 

- 

RBC  intact, 
some  swelling, 

2.0 

— 

no  clumping, 
RBC  are 

1.0 

+ 

spherical. 

0.5 

+ 

0.025 

± 

3.0 

+ 

RBC  are  intact 
no  crenation, 

2.0 

+ 

some  swelling, 
no  clumping, 

1.0 

+ 

RBC  are 
spherical . 

0.5 

+ 

0.025 

± 

3.0 

± 

RBC  are  intact, 
no  clumping, 

2.0 

+ 

no  swelling. 

1.0 

+ 

0.5 

+ 

0.025 

+ 

Base  E-3 


Base  E-3  containing 
1%  (w/w)  Atropine 
Sulfate 


Base  E-4 


Base  E-4  containing 
1%  (w/w)  Atropine 
Sulfate 
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Table  30   (Continued) 


Sample 


Distilled  Waterd 


Aqueous 
Solution 
Concentration 
%  (w/v) 


Tonic 
Effects 


Microscopic 
Observations 


Sodium  Chloride 
Soln.d 


0.9 


Prepared  by  dissolution  of  appropriate  quantity  of  sampl( 
in  suffxcient  distilled  water  to  make  final  volume. 


Symbols  represent:   +  =  hemolysis;  -  =  hemolysis; 
±  -  partial  hemolysis,  some  intact  cells  remain. 

Observations  done  on  1  drop  of  red  blood  cell  suspension 
mixed  on  microscope  slide  with  1  drop  of  3.0%  aqueous 
solution  of  sample  and  allowed  to  stand  30  minutes. 

Controls:   Distilled  water  is  hypotonic,  Normal  Saline 
is  isotonic  with  respect  to  human  red  blood  cells. 
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Dilutions  of  base  E-3  did  not  cause  complete  hemolysis 
above  concentrations  of  2%  (w/v) .   The  addition  of  atropine 
sulfate  to  this  base  altered  these  results  only  slightly, 
retarding  the  amount  of  hemolysis  seen  at  the  lower 
dilutions.   On  microscopic  examination,  a  3%  dilution, 
standing  for  30  minutes,  supported  these  observations, 
showing  intact  red  blood  cells  (RBC) . 

Some  clumping  was  noted  with  dilutions  to  base  E-3, 
possibly  due  to  a  coating  of  the  RBC  by  the  viscous  base. 
It  is  known  that  agglutination  may  be  caused  in  RBC 
samples  by  neutralization  of  negative  charges  on  the 
surface  of  the  cell.   This  could  be  accomplished  by  the 
addition  of  a  cationic  substance  to  solution.   Since 
clumping  did  not  occur  in  the  presence  of  polyethylene 
glycol,  atropine  sulfate,  hexanetriol,  or  combinations 
of  these  in  screening  tests,  the  CarbopolR  salt  appeared 
to  be  the  cause.   Gabelnick  and  Litt  (247)  reported  that 
some  studies  indicate  that  large  macromolecules  have  the 
ability  to  induce  RBC  agglutination  by  a  large  adsorption 
force  resulting  from  their  long  segments  of  adsorption  on 
the  RBC  surface,  or  by  a  low  electrical  repulsion  due  to 
their  long  bridging  segment  between  the  negatively  charged 
RBC  surfaces.   The  mechanism  of  the  observed  clumping  was 
not  investigated. 

Microscopic  observations  of  3%  (w/v)  dilutions  of 
base  E-3  samples  containing  atropine  sulfate  showed  some 
RBC  swelling,  producing  spherical  cells,  but  no  evidence 
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of  hemolysis.   The  extensive  hemolysis  at  lower  concen- 
trations of  base  E-3  samples  was  apparently  caused  by  the 
existence  of  RBC  in  a  hypotonic  environment. 

Different  results  were  found  in  dilutions  of  base  E-4. 
Partial  hemolysis  resulted  in  all  dilutions  tested  by 
visual  inspection  of  tubes.   The  addition  of  atropine 
sulfate  increased  the  extent  of  observable  hemolysis  in 
concentrations  2%  (w/v)  and  lower. 

Microscopic  examination  of  3%  (w/v)  base  E-4  dilutions 
mixed  with  red  blood  cells  showed  some  swelling  of  RBC 
and  no  clumping.   Samples  containing  atropine  sulfate 
exhibited  less  well-correlated  microscopic  observations, 
showing  no  swelling  of  RBC. 

The  apparent  cause  of  hemolysis  in  virtually  every 
sample  of  base  E-4  was  the  presence  of  1 , 2, 6-hexanetriol , 
included  as  a  plasticizer  for  this  base.   The  red  blood 
cell  membrane  is  not  impermeable  to  all  drugs,  and 
included  in  the  definition  of  isotonicity  is  the  require- 
ment that  the  tonicity  of  a  solution  must  be  measured 
against  a  specific  membrane  impermeable  to  the  drug  in 
the  tested  solution.   It  is  known  that  specific  chemicals 
such  as  urea,  boric  acid,  ammonium  chloride,  and  alcohol 
are  permitted  to  pass  through  the  RBC  membrane.   As  a 
result,  solutions  containing  these  materials  act 
essentially  as  water  when  in  contact  with  blood  cells, 
causing  rapid  hemolysis.   Being  a  tri-hydroxy  compound 
with  a  higher  C:OH  ratio  than  glycerol,  and  therefore  more 
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non-polar  in  character,  1,2, 6-hexanetriol  may  be  able  to 
utilize  its  alcohol-like  and  nonpolar  combination  of  diver- 
gent characteristics  to  pass  freely  across  the  RBC  mem- 
brane, especially  when  the  plasticizer  exists  as  60%  (w/w) 
of  the  tested  base  sample.   The  extent  of  this  process 
was  not  investigated. 

Two  control  solutions  were  included  to  insure  the 
adequacy  of  the  washed  RBC  suspension.   Distilled  water, 
being  hypotonic,  produced  immediate  and  complete  hemolysis, 
while  an  isotonic  solution  of  sodium  chloride,  0.9%  (w/v) , 
produced  no  hemolysis  or  RBC  swelling. 

Approximate  Melting  Points  of  Bases  E-3  and  E-4 

Another  characteristic  noted  to  be  important  in 
ophthalmic  ointment  formulation  is  the  melting  point  of 
the  final  product.   Ointments  utilizing  non  water-soluble 
petrolatum- type  vehicles  depend  on  low  melting  points  close 
to  body  temperature  to  soften  the  preparation  so  that 
rapid  spreading  can  be  accomplished  mechanically  by 
movement  of  the  eyelids.   However,  melting  points  must  be 
high  enough  to  allow  storage  and  transportation  at 
reasonable  temperatures  without  separation  and  leakage. 
The  melting  point  of  White  Petrolatum,  U.S. P.  XIX,  varies 
from  38°  to  60°,  and  may  be  modified  by  the  addition  of 
mineral  oil  and  various  waxes. 

A  water-soluble  ophthalmic  ointment  does  not  depend 
as  much  on  a  low  melting  point  to  promote  spreading 
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because  of  its  ability  to  mix  readily  with  the  lacrimal 
fluid;  hence,  very  stable  ointments  of  higher  melting 
points  can  be  produced  without  compromising  spreadability . 

Table  31  presents  the  results  of  approximate  melting 
point  determinations  of  bases  E-3  and  E-4,  with  and 
without  atropine  sulfate,  and  with  varying  water  content. 
The  modified  melting  point  tubes  used  allowed  the  obser- 
vation of  flow  as  well  as  the  clearing  characteristic  of 
final  melting  in  these  bases. 

Base  E-3  was  observed  to  be  stable  at  the  highest 
temperatures  of  the  test,  135-140°,  though  some  lessening 
of  viscosity  was  noted  in  previous  tests  at  this  temperature, 
The  addition  of  increasing  amounts  of  water,  from  1%  to 
5%  (w/w) ,  resulted  in  a  progressive  lowering  of  melting 
point  and,  finally,  the  production  of  sufficient  steam 
pressure  at  the  higher  water  content  and  temperature 
regions  to  force  some  samples  to  move  in  mass  in  the  tubes. 

Atropine  sulfate  inclusion  caused  an  apparent  lowering 
of  melting  point  to  125-130°,  although  this  observation 
was  complicated  by  the  ionic  deswelling  effect  of  atropine 
sulfate  on  the  neutralized  carboxyvinyl  polymer.   The 
addition  of  4%  (w/w)  water  to  this  preparation  resulted 
in  a  further  decrease  of  approximately  5°. 

In  comparison  to  a  standard  polyethylene  glycol 
ointment,  prepared  to  have  the  same  relative  PEG  composi- 
tion as  base  E-4  minus  the  plasticizer  and  which  exhibited 
a  relatively  sharp  melting  point  of  46-48°,  base  E-4  had 
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Table  31.   Approximate  Melting  Points  of  Bases  E-3  and 

E-4,  With  and  Without  1%  (w/w)  Atropine  Sulfate, 
with  Various  Concentrations  of  Water. 


Sample 


Melting  Point 
Range     (°C) 


Base  E-3,  Standard  135-140°b 

Base  E-3  containing  1%  (w/w)  water  135-140°b 

Base  E-3  containing  3%  (w/w)  water  132-135° 

Base  E-3  containing  5%  (w/w)  water  130-132°c 

Base  E-3  containing  1%  (w/w)  Atropine  Sulfate   125-130° 

Base  E-3  containing  1%  (w/w)  Atropine  Sulfate, 

4%  (w/w)  water  120-125° 

Polyethylene  Glycol  Ointmenta  46-48° 

Base  E-4,  Standard  50-54° 

Base  E-4  containing  1%  (w/w)  water  48-52° 

Base  E-4  containing  3%  (w/w)  water  44-48° 

Base  E-4  containing  5%  (w/w)  water  41-46° 

Base  E-4  containing  1%  (w/w)  Atropine  Sulfate    52-54° 

Base  E-4  containing  1%  (w/w)  Atropine  Sulfate, 

4%  (w/w)  water  44-46° 


Composition  was  PEG  400,  16  g,  and  PEG  4000,  24  g,  which 
is  same  ratio  as  seen  in  base  E-4,  but  without  the 
hexanetriol  plasticizer. 

Highest  temperature  attained.   Sample  was  stable  at  this 
temperature,  exhibited  no  flow,  did  not  clear. 


'Evolution  of  steam  evident  at  elevated  temperature. 
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a  slightly  higher  and  broader  melting  point  range  of 
50-54°.   This  sample  flowed  readily  at  the  lower 
temperature  and,  if  allowed  to  cool  without  stirring, 
formed  a  very  stiff  product. 

The  addition  of  from  1%  to  5%  (w/w)  water  to  base  E-4 
resulted  in  a  steady  decrease  in  apparent  melting  point. 
Again,  steam  evolution  was  evident  at  higher  water  content, 
a  stern  hint  that  sterilization  in  a  closed  container  of 
the  wrong  design  would  be  dangerous. 

The  addition  of  1%  (w/w)  atropine  sulfate  to  base  E-4 
had  no  significant  effect  on  the  apparent  melting  point; 
however,  the  inclusion  of  4%  (w/w)  water  once  again 
caused  a  noticeable  decrease. 

General  Comments 

If  these  results  are  coupled  with  those  of  some 
previous  sections,  the  influence  upon  the  eye  of  instilla- 
tion of  quantities  of  bases  E-3  and  E-4  may  be  seen  a 
little  more  clearly.   It  has  been  noted  that,  as  both 
bases  are  anhydrous  and  water-soluble,  mixing  with  water 
on  a  microscopic  level  can  be  a  dramatic  and  rapid  process, 
with  the  evolution  of  large  amounts  of  local  heat. 
Initial  ophthalmic  instillation  of  these  materials  could 
be  viewed  as  a  local  event  in  which  many  changes  take 
place.   The  relative  pH  of  the  ocular  environ  may  drop 
from  approximately  7.35  to  as  low  as  3.5.   High  viscosity, 
rapid  local  tissue  dehydration  and  heating,  and  resistance 
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to  spreading  dependent  on  rate  of  solubilization  in  the 
lacrimal  fluid  combine  to  produce  limited  irritation  and 
increase  the  volume  of  lacrimal  fluid  produced.   The 
presence  of  microcrystals  in  base  E-4,  exaggerated  by  the 
sterilization  process,  also  contribute  in  a  minor  way. 

As  the  base  is  spread  and  diluted,  pH  shifts  back 
toward  more  normal  values,  but  cell  disruption  becomes 
more  probable  as  the  tonicity  of  the  solubilized  prepara- 
tion changes,  especially  for  base  E-4  which  contains  a 
high  concentration  of  plasticizer. 

Though  these  changes  may  take  place,  the  studies 
presented  herein  indicated  that  the  overall  effect  is 
slight  and  transient,  with  no  permanent  damage  to  the 
eye  or  surrounding  tissues. 


CHAPTER  V 
SUMMARY  AND  CONCLUSIONS 


The  purpose  of  this  study  was  to  evaluate  two 
anhydrous  water-soluble  ointment  bases,  designated  as 
bases  E-3  and  E-4,  with  regard  to  their  usefulness  as 
potential  ophthalmic  ointment  vehicles.   This  study  was 
an  extension  of  an  earlier  project  for  the  development 
and  testing  of  dimercaprol  ointments  for  ophthalmic  use 
in  the  treatment  of  ocular  injuries  resulting  from  expo- 
sure to  y3-chlorvinyldichloroarsine  (Lewisite) .   The 
present  study  reviewed  a  preliminary  trial  in  which  four 
experimental  bases  and  the  corresponding  dimercaprol 
ointments  were  evaluated  for  ophthalmic  irritation 
potential  in  comparison  with  an  ethylene  glycol-based 
standard.   Of  the  tested  preparations,  bases  E-3  and  E-4 
were  shown  to  be  the  least  irritating  and  were  chosen  for 
further  study.   Base  E-3  was  composed  of  a  vehicle 
containing  polyethylene  glycols  200  and  400  thickened  by 
an  amine-neutralized  Carbopol   94  0  resin  to  form  a 
transparent  gel.   Base  E-4  comprised  a  polyethylene  glycol 
ointment  containing  polyethylene  glycols  400  and  4000 
plasticized  by  1 ,2, 6-hexanetriol. 
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Problems  associated  with  the  sterilization  of 
bases  E-3  and  E-4  by  moist  heat  (autoclaving)  and  dry 
heat  were  studied.   It  was  determined  that  small  quanti- 
ties of  both  bases  could  be  sterilized  satisfactorily  by 
each  of  these  methods,  though  base  E-4  samples  required 
continuous  stirring  as  they  cooled  to  room  temperature 
to  prevent  the  formation  of  extremely  stiff  preparations. 
Filtration  of  the  prepared  base  through  bacterial  reten- 
tive filters  and  aseptic  combination  of  separately 
sterilized  components  were  tried  without  success.   Sterility 
assurance  was  provided  by  use  of  a  specific  biological 
indicator,  a  standardized  suspension  of  spores  of  Bacillus 
stearothermophilus ,  selected  and  tested  for  their  heat- 
resistant  quality.   Heat  transfer  characteristics  for  each 
base,  in  covered  or  uncovered  containers,  were  determined 
and  related  to  the  experimental  sterilization  periods. 

Several  preservative  systems  such  as  those  commonly 
used  in  commercially  available  ophthalmic  ointments  were 
evaluated  in  bases  E-3  and  E-4.   Preservatives  tested  were 
benzalkonium  chloride,  1:10,000;  polymyxin  B  sulfate, 
1000  units  per  gram  of  base;  methylparaben,  0.1%  and 
propylparaben,  0.02%;  p-chloro-m-xylenol ,  0.03%;  and 
chlorobutanol,  0.5%.   Ethylenediaminetetraacetic  acid 
disodium  (Na2EDTA) ,  1:10,000,  was  also  used  in  combination 
with  benzalkonium  chloride  and  with  polymyxin  B  sulfate. 
Methods  of  evaluation  included  a  tube  dilution  procedure 
using  specific  inhibitory  media,  a  zone  of  inhibition 
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method,  and  direct  surface  inoculation.   Test  organisms 
used  to  evaluate  preservative  effectiveness  were 
Staphylococcus  aureus ,  Pseudomonas  aeruginosa,  and 
Aspergillus  niger .   Some  evidence  of  inherent  inhibitory 
activity  in  unpreserved  bases  E-3  and  E-4  was  presented. 

Results  indicated  that  base  E-3  containing  benzal- 
konium  chloride,  0.01%,  and  Na2EDTA,  0.01%,  was  most 
effectively  preserved  against  S.    aureus,  while  base  E-3 
containing  polymyxin  B  sulfate,  1000  units  per  gram  of 
base,  and  Na2EDTA,  0.01%,  was  preserved  against 
P.  aeruginosa.   The  most  effective  preservation  against 
either  of  these  organisms  for  base  E-4  was  by  addition  of 
polymyxin  B  sulfate,  1000  units  per  gram  of  base,  and 
Na2EDTA,  0.01%.   However,  these  tests  showed  no  ideal 
preservative  system  among  those  tested. 

Determinations  using  a  rotational  viscometer  were 
performed  on  samples  of  bases  E-3  and  E-4  to  show  the 
rheological  effects  of  small  increases  in  water  content, 
different  methods  of  sterilization,  the  addition  of  1%  (w/w) 
atropine  sulfate,  and  the  incorporation  of  various  pre- 
servatives.  Physical  and  microscopic  observations  were 
reported  in  an  effort  to  explain  some  of  the  resulting 
phenomena.   Evidence  supporting  the  existence  of  a 
crystalline  structure  for  base  E-4  which  increases  in 
size  as  a  result  of  sterilization  procedures  or  factors 
concerned  with  the  subsequent  cooling  process  was  pre- 
sented in  several  photomicrographs. 
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A  ring  method  utilizing  the  du  Nouy  principles  was 
used  to  determine  the  apparent  surface  tension  of  diluted 
samples  of  bases  E-3  and  E-4  and  some  of  their  individual 
components.   These  results  were  compared  with  those 
obtained  for  a  standard  material  having  known  surface 
activity,  dodecyl  sodium  sulfate  (sodium  lauryl  sulfate) . 
Data  indicated  that  base  E-3  possessed  some  surface- 
tension  lowering  properties,  possibly  because  of  the 
presence  of  the  long-chain  amine  used  to  neutralize  the 
resin,  while  base  E-4  did  not  exhibit  significant  surface- 
active  effects. 

The  relative  bioavailability  of  atropine  sulfate 
from  each  base  was  compared  with  that  from  an  established 
commercial  standard  atropine  sulfate  ophthalmic  ointment 
in  rabbit  eyes.   Determinations  of  the  degree  and  rapidity 
of  pupil  dilatation  and  the  duration  of  effect  were 
evaluated  statistically  from  a  randomized  three-way 
crossover  (Latin  square)  design  study.   Results  indicated 
adequate  relative  bioavailability  from  each  of  the  bases, 
but  excessive  variation  within  each  animal  group,  possibly 
due  to  the  random  existence  of  animals  possessing  the 
atropine-destroying  enzyme  tropinesterase,  prevented  a 
more  critical  analysis. 

Adjunctive  studies  concerning  the  apparent  pH  of 
successive  aqueous  dilutions  of  bases  E-3  and  E-4,  their 
tonic  effects  on  suspensions  of  washed  human  red  blood 
cells,  and  determinations  of  the  approximate  melting 


391 

points  of  each  base  and  atropine  sulfate  ointments  were 
presented.   An  attempt  to  relate  observed  irritation 
effects  as  a  result  of  base  or  ointment  instillation  in 
the  rabbit  eye  to  results  obtained  in  these  supportive 
studies  was  made.   The  effects  of  increasing  water  content 
on  the  approximate  melting  point  range  was  evaluated,  and 
was  found  to  lower  the  range  slightly  in  most  cases. 

In  conclusion,  this  present  study  was  an  extension 
of  a  previous  project  for  the  development  of  a  dimercaprol 
ophthalmic  ointment,  and  attempted  to  broaden  the 
applicability  of  two  anhydrous  water-soluble  bases  to  more 
general  ophthalmic  use.   Results  obtained  indicated  that 
sterilization  of  the  bases  was  feasible  on  a  limited 
scale  by  conventional  means  and  that  common  preservative 
systems  appeared  to  be  less  than  adequate  for  the  intended 
purpose.   More  extensive  study  in  this  area  would  be 
useful. 

Rheologically,  base  E-3  appeared  little  effected  by 
sterilization  procedures,  but  dramatic  viscosity  reduction 
upon  the  addition  of  atropine  sulfate,  the  model  drug,  was 
attributed  to  "ionic  deswelling",  and  might  be  overcome 
by  addition  of  a  higher  concentration  of  carboxyvinyl 
polymer.   Base  E-4  exhibited  marked  rheological  changes 
upon  sterilization,  but  the  cause,  whether  in  the  process 
of  stirring  frequency,  rate  of  cooling,  or  other  source, 
remained  unclear.   Further  study  in  this  area  could 
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provide  a  useable  sterile  base,  though  long-term  stability 
of  base  E-4  is  still  in  question  because  of  a  tendency 
toward  separation  and  increased  hardness  on  standing. 

Irritation  potential  for  both  bases  was  low  enough 
to  make  future  study  as  general  ophthalmic  vehicles 
feasible.   Though  a  higher  level  of  irritation  would  be 
acceptable  for  a  dimercaprol  ointment,  considering  its 
intended  use,  than  for  an  ophthalmic  preparation  designed 
for  general  use,  the  relatively  low  levels  of  irritation 
produced  by  these  bases,  combined  with  the  observation 
that  no  permanent  damage  as  a  result  of  instillation  was 
detected  in  any  of  the  animals  tested,  leads  to  the 
conclusion  that  these  preparations  are  potentially  useful 
ophthalmic  vehicles. 

Base  E-3  exhibited  some  surface-active  characteristics 
which  might  be  useful  in  increasing  the  degree  and  rapidity 
of  spreading  and  the  duration  of  the  product  on  the  ocular 
surface.   The  influence  of  these  factors  on  the  relative 
bioavailability  of  various  medicaments  from  these  bases 
remains  an  area  for  study. 

Profiles  of  apparent  pH  indicated  slight  differences 
between  the  bases  which  may  not  be  apparent  from  single- 
point  determinations.   Very  concentrated  solutions  of  the 
tested  bases  such  as  occur  upon  initial  dissolution  of 
an  instilled  dose  by  the  tears  possibly  cause  a  dramatic 
decrease  in  the  pH  of  the  ocular  surface  environment 
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leading  to  increased  irritation.   The  buffer  capacity 
of  each  base  has  not  been  determined  and  should  be 
compared  to  that  of  the  lacrimal  fluid. 

Based  on  these  results,  base  E-3  proved  to  be  the 
more  favorable  preparation  of  the  two  studied.   Stability, 
both  on  sterilization  and  in  long-term  evaluation,  appeal 
due  to  transparency,  acceptable  irritation  potential, 
and  maintainence  of  viscosity  over  a  very  broad  range  of 
temperatures  combined  to  make  this  recommendation  possible. 
Ophthalmic  use  as  a  general  vehicle  is  possible  and 
practical. 
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